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(54) Illumination apparatus 

(57) An illumination optical apparatus successfully 
realizes mutually different illumination conditions in or- 
thogonal two directions on an illumination objective 
plane. A magnification-varying optical system for simi- 
larly changing the entire size of a secondary multiple 
light source is arranged in an optical path between a first 
optical integrator for forming a first multiple light source 
on the basis of a light beam from a light source and a 



second optical integratorforformingthe second multiple 
light source having light sources of a larger number on 
the basis of a light beam from the first multiple light 
source. The apparatus further comprises an aspect ra- 
tio-changing element for changing the aspect ratio of the 
incoming light beam in order to change the angle of in- 
cidence of the incoming light beam into the first optical 
integrator in a predetermined direction. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001 ] The present invention relates to an illumination 
optical apparatus and an exposure apparatus provided 
with the illumination optical apparatus. In particular, the 
present invention relates to an illumination optical appa- 
ratus which is preferable for an exposure apparatus to 
produce, in the lithography stcp ; microdcviccs includ- 
ing; for example, semiconductor elements, image-pick- 
up elements, liquid crystal display elements, and thin 
film magnetic heads. 

Description of the Related Art: 

[0002] In a typical exposure apparatus of this type, a 
light beam, which is radiated from a light source, forms 
a secondary light source which is provided as a substan- 
tial surface light source (surface illuminant) composed 
of a large number of light sources by the aid of a fly's 
eye lens which serves as an optical integrator. The light 
beam from the secondary light source is restricted by 
an aperture diaphragm which is arranged in the vicinity 
of the rear side focal plane of the fly's eye lens, and then 
the light beam comes into a condenser lens. 
[0003] The light beam, which is collected by the con- 
denser lens, illuminates, in a superimposed manner a 
mask on which a predetermined pattern is formed. The 
light beam, which has passed through the pattern on the 
mask, passes through a projection optical system to 
form an image on a wafer. Accordingly, the mask pattern 
is subjected to projection exposure (transfer) onto the 
wafer. The pattern formed on the mask is highly inte- 
grated. In order to correctly transfer the fine pattern onto 
the wafer, it is indispensable to obtain a uniform illumi- 
nance distribution on the wafer. 

[0004] In consideration of the situation as described 
above, a technique attracts the attention, in which a cir- 
cular secondary light source is formed on the rear side 
focal plane of the fly's eye lens, and its size is changed 
to change the coherency or of illumination (o value = di- 
ameter of aperture diaphragm / diameter of pupil of pro- 
jection optical system, or a value = numerical aperture 
on outgoing side of illumination optical system / numer- 
ical aperture on incoming side of projection optical sys- 
tem). On the other hand, a technique attracts the atten- 
tion, in which an annular or quadrupole secondary light 
source is formed on the rear side focal plane of a fly's 
eye lens to improve the depth of focus and/or the reso- 
lution of the projection optical system. 
[0005] However, as^for the conventional techniques 
as described above, the cross-sectional configuration of 
the light beam coming into one point on the mask as an 
illumination objective plane resides in an identical posi- 
tional relationship in relation to two directions perpen- 



dicular to one another on the mask, either in the case of 
the conventional circular illumination based on the cir- 
cular secondary light source or in the case of the mod- 
ified illumination (annular illumination or quadrupole il- 

5 lumination) based on the annular or quadrupole second- 
ary light source. In other words, in the conventional tech- 
nique, the illumination condition is identical in the two 
directions perpendicular to one another on the illumina- 
tion objective plane. As a result, when the mask pattern 

10 involves any orientation, it is impossible to realize an 
optimum illumination condition in each of the perpendic- 
ular two directions on the mask. On the other hand, in 
recent years, it is sincerely demanded that the pattern 
on the mask is correctly transferred under an optimum 

15 illumination condition, and the optical performance of 
the projection optical system is successfully confirmed 
highly accurately at the same time when the pattern on 
the mask is correctly transferred. 
[0006] The present invention has been made taking 

20 the foregoing problems into consideration, an object of 
which is to provide an illumination optical apparatus 
which makes it possible to realize mutually different il- 
lumination conditions in two directions perpendicular to 
one another on an illumination objective plane, and an 

25 exposure apparatus which is provided with the illumina- 
tion optical apparatus. Another object of the present in- 
vention is to provide a method for producing microde- 
vices, which makes it possible to produce a good micro- 
device under a good illumination condition by using an 

30 exposure apparatus which is capable of setting optimum 
illumination conditions in perpendicular two directions 
on a mask formed with a pattern with certain orientation. 
Still another object of the present invention is to provide, 
for example, an exposure apparatus and an exposure 

35 method in which a pattern on a mask can be correctly 
transferred under an appropriate illumination condition, 
and the optical performance of a projection optical sys- 
tem can be confirmed highly accurately at the same time 
when the pattern on the mask is correctly transferred. 

40 

SUMMARY OF THE INVENTION 

[0007] According to a first aspect of the present inven- 
tion, there is provided an illumination optical apparatus 
45 for illuminating an illumination objective plane with a 
light beam from a light source, comprising: 

an optical integrator (6, 8, 8a) which is arranged in 
an optical path between the light source (1) and the 
50 illumination objective plane and forms a multiple 
light source on the basis of the light beam from the 
light source (1); and 

an aspect ratio-changing element (10,15,16) which 
is arranged in an optical path between the light 
55 source and the optical integrator and which chang- 
es an aspect ratio of an incoming light beam in order 
to change an angle of incidence of the incoming 
light beam in a predetermined direction into the op- 
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tical integrator. 

[0008] In the illumination optical apparatus described 
above, the optical integrator may include a first optical 
integrator (6) which is arranged in an optical path be- s 
iween the light source and Ihe illumination objective 
plane and forms a first multiple light source on the basis 
of the light beam from the light source, and a second 
optical integrator (8) which is arranged in an optical path 
between the first optical integrator and the illumination io 
objective plane and forms a second multiple light source 
having light sources of a number larger than that of the 
first multiple light source on the basis of a light beam 
from the first multiple light source. In this case, the illu- 
mination optical apparatus may further comprise a mag- 15 
nification-varying optical system (7) which is arranged 
in an optical path between the first optical integrator (6) 
and the second optical integrator (8) and which similarly 
changes an entire size of the second multiple light 
source. 20 
[0009] The illumination optical apparatus may further 
comprise a guiding optical system (9, 17, 18) which is 
arranged in the optical path between the optical integra- 
tor and the illumination objective plane and guides the 
light beam from the optical integrator to the illumination 25 
objective plane, and a light beam-converting element (4, 
4a, 11a, 11b, 11c) which is arranged in the optical path 
between the light source and the optical integrator and 
converts the light beam from the light source into a light 
beam having a predetermined cross-sectional configu- 30 
ration or a light beam having a predetermined light in- 
tensity distribution. 

[0010] The aspect ratio-changing element (10, 15, 16) 
may be constructed to be rotatable about a center of an 
optical axis of the aspect ratio-changing element. The 35 
aspect ratio-changing element may include a first as- 
pect ratio-changing element (10, 16) which is arranged 
in the optical path between the light source and the op- 
tical integrator and changes an angle of incidence of the 
incoming light beam into the (first) optical integrator in 40 
a first direction, and a second aspect ratio-changing el- 
ement (15) which is arranged in the optical path between 
the light source and the optical integrator and changes 
an angle of incidence of the incoming light beam into the 
(first) optical integrator in a second direction traverse to 45 
the first direction. The aspect ratio-changing element 
may include a first prism (10a, 15a, 16a) which has a 
refractive surface having a concave cross section in the 
predetermined direction, a second prism (10b, 15b, 16b) 
which has a refractive surface having a convex cross 50 
section formed complementarily with the refractive sur- 
face having the concave cross section of the first prism, 
and a driving unit (25, 28c) which is connected to at least 
one of the first prism and the second prism and moves 
at least one of the first prism and the second prism along 55 
an optical axis. In this case, the concave cross section 
of the first prism may have a V-shaped configuration. 
[0011] According to a second aspect of the present 



invention, there is provided an illumination optical appa- 
ratus comprising: 

an illumination optical system which illuminates an 
illumination objective; and 

a varying mechanism (7, 14, 15, 16) which is at- 
tached to the illumination optical system and varies 
at least one of a size and a shape of an illumination 
light beam on a pupil of the illumination optical sys- 
tem, wherein: 

the varying mechanism includes a first dis- 
placement unit (15) which is arranged in an il- 
lumination optical path and displaces the illumi- 
nation light beam symmetrically with respect to 
an optical axis in a first direction perpendicular 
to the optical axis of the illumination optical sys- 
tem. 

[001 2] In the illumination optical apparatus according 
to the second aspect of the present invention, the vary- 
ing mechanism may further include a second displace- 
ment unit (16) which is arranged in the illumination op- 
tical path and displaces the illumination light beam sym- 
metrically with respect to the optical axis in a second 
direction which is perpendicular to the optical axis and 
which intersects the first direction, and a magnification- 
varying optical system (7) which is arranged in the illu- 
mination optical path and varies the size of the illumina- 
tion light beam. 

[0013] In the illumination optical apparatus according 
to the second aspect of the present invention, the vary- 
ing mechanism may further include an annular ratio-var- 
ying unit (1 4) which is arranged in the illumination optical 
path and adds a function to convert the illumination light 
beam into one having an annular configuration with a 
desired annular ratio, and/or a magnification-varying op- 
tical system (7) which is arranged in the illumination op- 
tical path and varies the size of the illumination light 
beam. The annular ratio-varying unit (1 4) may bo a con- 
ical axicon. 

[0014] In the illumination optical apparatus according 
to the second aspect of the present invention, the illu- 
mination optical system may include a light shape con- 
verter (4, 4a, 11a, 11b, 11c) which is arranged in the il- 
lumination optical path and converts the shape of the 
illumination light beam into a desired light beam shape 
and which guides the illumination light beam converted 
to have the desired light beam shape to the varying 
mechanism. The light shape converter may include a 
first diffractive optical member (4, 1 1 a) which is capable 
of inserting the illumination optical path and converts the 
shape of the illumination light beam into a first light beam 
shape, and a second diffractive optical member (4a, 
11b, 11c) which is provided exchangeably with the first 
diffractive optical member and which converts the shape 
of the illumination light beam into a second light beam 
shape. The illumination optical system may include an 
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optical integrator (8a) which is arranged in an optical 
path between the varying mechanism and the illumina- 
tion objective and which uniformly illuminates the illumi- 
nation objective. 

[0015] According to a third aspect of the present in- 
vention. Lhere is provided an exposure apparatus for 
transforming a pattern on a mask onto a workpiece com- 
prising. 

the illumination optical apparatus according to the 
first or second aspect, which illuminates the mask 
arranged at the illumination objective plane; and 
a projection optical system which is arranged in an 
optical path between the mask and the workpiece 
and projects an image of the pattern onto the work- 
piece 

[0016] According to a fourth aspect of the present in- 
vention, there is provided a method for producing a 
microdevice. comprising an exposing step of exposing 
the workpiece with the pattern on the mask with the ex- 
posure apparatus according to the third aspect of the 
present invention, and a developing step of developing 
the workpiece exposed in the exposing step. 
[001 7] According to a fifth aspect of the present inven- 
tion, there is provided an exposure method for exposing 
a workpiece with a pattern on a mask, comprising: 

an illuminating step of illuminating the mask via an 
illumination optical system with an optical axis; and 
a projecting step of projecting an image of the pat- 
tern on the mask onto the workpiece, wherein: 

the illuminating step comprises displacing an il- 
lumination light beam symmetrically with re- 
spect to an intervening optical axis in a first di- 
rection perpendicular to the optical axis of the 
illumination optical system on a pupil of the il- 
lumination optical system. 

[0018] In a first form of the exposure method de- 
scribed above, the illuminating step may further com- 
prise converting the illumination light beam into one hav- 
ing an annular configuration on the pupil of the illumina- 
tion optical system, and displacing the illumination light 
beam symmetrically with respect to the optical axis in a 
second direction which is perpendicular to the optical 
axis and which intersects the first direction. In this case, 
the illuminating step may further comprise changing a 
size of the illumination light beam. 
[0019] In a second form of the exposure method de- 
scribed above, the illuminating step may further com- 
prise displacing the illumination light beam symmetrical- 
ly with respect to the optical axis in a second direction 
which is perpendicular to the optical axis and which in- 
tersects the first direction, and changing a size of the 
illumination light beam. 

[0020] In a third form of the exposure method de- 



scribed above, the illuminating step may further com- 
prise converting the illumination light beam into one hav- 
ing an annular configuration on the pupil of the illumina- 
tion optical system, and converting an annular ratio of 

5 the converted annular illumination into a desired annular 
ratio. The illumination step may further comprise chang- 
ing a size of the illumination light beam. The illuminating 
step may further comprise a second displacing step of 
displacing the illumination light beam symmetrically with 

10 respect to the optical axis in a second direction which is 
perpendicular to the optical axis and which intersects 
the first direction. 

[0021 ] In the first to third forms of the exposure meth- 
od described above, the illuminating step may further 

15 comprise converting a shape of the illumination light 
beam into a desired light beam shape before displacing 
the illumination light beam or converting the illumination 
light beam into one having the annular configuration. 
The light shape-converting step may include converting 

20 the shape of the illumination light beam into a first light 
beam shape by using a first diffractive optical member, 
and converting the shape of the illumination light beam 
into a second light beam shape by using a second dif- 
fractive optical member which is provided exchangeably 

25 W ith the first diffractive optical member. 

[0022] In a fourth form of the exposure method de- 
scribed above; 

the illuminating step may further comprise a 
changing step of changing an illumination condition for 

30 the mask; 

the changing step may comprise a selecting step 
of selecting at least one of a first setting step of setting 
a first illumination condition for the illumination optical 
system, and a second setting step of setting a second 

35 illumination condition for the illumination optical system: 
the first setting step may comprise a step of con- 
verting the illumination light beam into one having an 
annular configuration on the pupil of the illumination op- 
tical system, a step of displacing the illumination light 

40 beam symmetrically with respect to the optical axis of 
the illumination optical system in the first direction which 
is perpendicular to the optical axis, and a step of dis- 
placing the illumination light beam symmetrically with re- 
spect to the optical axis in a second direction which is 

45 perpendicular to the optical axis and which intersects 
the first direction; and 

the second setting step may comprise a step of 
displacing the illumination light beam symmetrically with 
respect to the optical axis of the illumination optical sys- 

50 tern in the first direction which is perpendicular to the 
optical axis, a step of displacing the illumination light 
beam symmetrically with respect to the optical axis in 
the second direction which is perpendicular to the opti- 
cal axis and which intersects the first direction, and a 

55 step of changing a size of the illumination light beam. 
[0023] In a fifth form of the exposure method de- 
scribed above; 

the illuminating step may further comprise a 
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changing step of changing an illumination condition for 
the mask; 

the changing step may comprise a selecting step 
of selecting at least one of a first setting step of setting 
a first illumination condition for the illumination optical 
system, and a second selling slep of selling a second 
illumination condition for the illumination optical system; 

the first setting step may comprise a step of con- 
verting the illumination light beam into one having an 
annular configuration having a desired annular ratio on 
the pupil of the illumination optical system, and a step 
of changing a size of the illumination light beam; and 

the second setting step may comprise a step of 
displacing the illumination light beam symmetrically with 
respect to the optical axis of the illumination optical sys- 
tem in a predetermined direction which is perpendicular 
to the optical axis, and a step of changing the size of the 
illumination light beam. 

[0024] In a sixth form of the exposure method de- 
scribed above; 

the illuminating step may further comprise a 
changing step of changing an illumination condition for 
the mask; 

the changing step may comprise a selecting step 
of selecting at least one of a first setting step of setting 
a first illumination condition for the illumination optica! 
system, a second setting step of setting a second illu- 
mination condition for the illumination optical system, 
and a third setting step of setting a third illumination con- 
dition for the illumination optical system; 

the first setting step may comprise an annular ra- 
tio-varying step of converting the illumination light beam 
into one having an annular configuration having a de- 
sired annular ratio on the pupil of the illumination optical 
system, a slep of displacing the illumination light beam 
symmetrically with respect to the optical axis of the illu- 
mination optical system in the first direction which is per- 
pendicular to the optical axis, and a step of displacing 
the illumination light beam symmetrically with respect to 
the optical axis in a second direction which is perpen- 
dicular to the optical axis and which intersects the first 
direction; 

the second setting step may comprise a step of 
converting the illumination light beam into one having 
an annular configuration having a desired annular ratio, 
and a step of changing a size of the illumination light 
beam; and 

the third setting step may comprise a step of dis- 
placing the illumination light beam symmetrically with re- 
spect to the optical axis of the illumination optical system 
in the first direction which is perpendicular to the optical 
axis, a step of displacing the illumination light beam 
symmetrically with respect to the optical axis in the sec- 
ond direction which is perpendicular to the optical axis 
and which intersects the first direction, and a step of 
changing the size of the illumination light beam. 
[0025] According to a sixth aspect of the present in- 
vention, there is provided an exposure method for ex- 



posing a workpiece with a pattern on a mask, compris- 
ing: 

an illuminating step of illuminating the mask via an 
5 illumination optical system; 

a projecling slep of projecting an image or the pal- 
tern on the mask onto the workpiece by using a pro- 
jection optical system; and 

a measuring step of measuring an optical charac- 
10 teristic of the projection optical system, wherein the 

illuminating step comprises: 

an exposure condition-setting step of setting a 
c value as an illumination condition to be within 
15 a range of 0.4 < a ^ 0.95 when the projecting 

step is executed; and 

a measuring condition -setting step of setting 
the a value as the illumination condition to be 
within a range of 0.01 < g< 0.3 when the meas- 
20 uring step is executed. This method may further 

comprise: 

a scanning step of moving the mask and 
the workpiece in a scanning direction when 
25 the projecting step is executed, wherein: 

the illuminating step comprises a step 
of forming a rectangular illumination 
area having a length Ls of a longitudi- 
30 nal direction and a length L1 of a trans- 

verse direction on the mask; and 
a relationship of 0.05 < Ls/L1 < 0.7 is 
satisfied. 

35 [0026] According to a sevenlh aspect of the present 
invention, there is provided an exposure apparatus for 
exposing a workpiece with a pattern on a mask, com- 
prising: 

40 an illumination optical system which is arranged in 
an optical path upstream of the mask and illumi- 
nates the mask; and 

a projection optical system (PL) which is arranged 
in an optical path between the mask and the work- 

45 piece and projects an image of the pattern on the 
mask onto the workpiece, wherein: 
the illumination optical system includes an illumina- 
tion condition-setting mechanism (4a, 4b, 5, 7, 10, 
11ato 11c, 12, 14to 16, 71, 71a) which is attached 

50 to the illumination optical system and sets a a value 
as an illumination condition to be within a range of 
0.4 < a < 0.95 when the workpiece is exposed with 
the pattern on the mask and which sets the a value 
as the illumination condition to be within a range of 

55 o.01 < o < 0.3 when an optical characteristic of the 
projection optical system is measured. 

[0027] The exposure apparatus according to the sev- 



20 



30 



40 



BNSDOCID: <EP 1211561A2 I > 



9 



EP 1 21 1 561 A2 



10 



enth aspect of the present invention may further com- 
prise a scanning unit which moves the mask and the 
workpiece in a scanning direction when the workpiece 
is exposed with the pattern on the mask, wherein: 

a relationship of 0.05 < l_s/L1 < 0.7 is satisfied pro- 
vided that Ls represents a length in a transverse di- 
rection of an illumination area formed on the mask 
by the illumination optical system, and L1 repre- 
sents a length in a longitudinal direction of the illu- 
mination area formed on the mask by the illumina- 
tion optical system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Fig. 1 schematically shows an arrangement of an 
exposure apparatus provided with an illumination 
optical apparatus according to a first embodiment 
of the present invention. 

Fig. 2 schematically shows an arrangement of a 
quadrupole secondary light source formed on a rear 
side focal plane of a fly's eye lens. 
Figs. 3A and 3B schematically show an arrange- 
ment of a pair of prisms for constructing a V-shaped 
axicon arranged in an optical path of an afocal zoom 
lens. 

Figs. 4A-4D schematically illustrate the influence 
exerted on the quadrupole secondary light source 
by the change of the spacing distance of the V- 
shaped axicon, the change of the magnification of 
the afocal zoom lens, and the change of the focal 
length of the zoom lens. 

Figs. 5A-5D schematically illustrate the influence 
exerted on the annular secondary light source by 
the change of the spacing distance of the V-shaped 
axicon : the change of the magnification of the afocal 
zoom lens, and the change of the focal length of the 
zoom lens. 

Figs. 6A-6C show illustrative modified embodi- 
ments concerning the shape of the refracting plane 
of the V-shaped axicon. 

Figs. 7 A and 7B show illustrative modified embod- 
iments concerning the rotation and the combination 
of the V-shaped axicon. 

Fig. 8 shows a flow chart of a technique adopted to 
obtain a semiconductor device as a microdevice. 
Fig. 9 shows a flow chart of a technique adopted to 
obtain a liquid crystal display device as a microde- 
vice. 

Fig. 10 schematically shows an arrangement of an 
exposure apparatus provided with an illumination 
optical apparatus according to a second embodi- 
ment of the present invention. 
Fig. 11 shows a perspective view schematically il- 
lustrating an arrangement of three axicons ar- 
ranged in an optical path between a front side lens 



group and a rear side lens group of an afocal lens 
in the second embodiment. 

Fig. 1 2 illustrates the function of a conical axicon for 
a secondary light source formed in the quadrupole 

5 illumination in the second embodiment. 

Fig. 13 illustrates the function of a zoom lens for a 
secondary light source formed in the quadrupole il- 
lumination in the second embodiment. 
Figs. 14A-14C illustrate the function of a first v- 

10 shaped axicon and a second V-shaped axicon for a 

secondary light source formed in the quadrupole il- 
lumination in the second embodiment. 
Fig. 15 illustrates the function of a conical axicon : a 
zoom lens, a first V-shaped axicon. and a second 

15 V-shaped axicon for each of circular surface light 
sources formed in the quadrupole illumination in the 
second embodiment. 

Fig. 1 6 illustrates each of surface light sources and 
a movement range of ttie surface light source 

20 formed by three types of diffracting optical elements 
for the quadrupole illumination having different 
characteristics in the second embodiment. 
Fig. 1 7 illustrates each of surface light sources and 
movement and deformation of the surface light 

25 source formed by four types of diffracting optical el- 
ements for the quadrupole illumination having dif- 
ferent characteristics in a first modification of the 
second embodiment. 

Fig. 18 illustrates each of surface light sources and 

30 movement and deformation of the surface light 
source formed by four types of diffracting optical el- 
ements for the quadrupole illumination having dif- 
ferent characteristics in the first modification of the 
second embodiment. 

35 Fig. 19 illustrates each of surface light sources and 

movement and deformation of the surface light 
source formed by two types of diffracting optical el- 
ements for the quadrupole illumination having dif- 
ferent characteristics in a second modification of the 

40 second embodiment. 

Fig. 20 illustrates the function of the conical axicon 
for the secondary light source formed in the annular 
illumination in the second embodiment. 
Fig. 21 illustrates the function of the zoom lens for 

45 the secondary light source formed in the annular il- 
lumination in the second embodiment. 
Figs. 22A-22C illustrate the function of the first V- 
shaped axicon and the second V-shaped axicon for 
the secondary light source formed in the annular il- 

50 lumination in the second embodiment. 

Figs. 23A and 23B illustrate a third modification of 
the second embodiment. 

Figs. 24A-24C illustrate the function of the first V- 
shaped axicon and the second V-shaped axicon for 
55 the secondary light source formed in the circular il- 
lumination in the second embodiment. 
Fig. 25 schematically shows an arrangement of an 
exposure apparatus provided with an illumination 
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optical apparatus according to a third embodiment 
of the present invention. 

Fig. 26 shows a perspective view schematically il- 
lustrating an arrangement of a pair of V-shaped ax- 
icons arranged in-an optical path of an afocal lens 
in Ihe Ihird embodiment. 

Fig. 27 schematically shows an arrangement of an 
exposure apparatus provided with an illumination 
optical apparatus according to a fourth embodiment 
of the present invention. 

Fig. 28 shows a perspective view schematically il- 
lustrating an arrangement of a conical axicon and a 
V-shaped axicon arranged in an optical path of an 
afocal lens in the fourth embodiment. 
Fig. 29 schematically shows an arrangement of an 
exposure apparatus provided with an illumination 
optical apparatus according to a fifth embodiment 
of the present invention. 

Figs. 30A and 30B illustrate the function of a second 
diffracting optical element in the fifth embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] In a typical embodiment of the present inven- 
tion, for example, a light beam-converting element such 
as a diffraction optical element (diffractive optical ele- 
ment: DOE) is used to convert a light beam from a light 
source into a light beam having a quadrupole (four-spot) 
or annular configuration. The four-spot or annular light 
beam is collected by a predetermined optical system, 
and it comes, from an oblique direction with respect to 
the optical axis, into a first optical integrator such as a 
micro fly's eye lens or a micro lens array (hereinafter 
referred to as "micro fly's eye"). Accordingly, a first mul- 
tiple light source is formed by the micro fly's eye. The 
light beam from the first multiple light source passes 
through a predetermined optical system, and then it 
forms a second multiple light source, i.e., a four-spot or 
annular secondary light source by the aid of a second 
optical integrator such as a fly's eye lens. 
[0030] In the present invention, the apparatus is pro- 
vided with an aspect ratio-changing element for chang- 
ing the aspect ratio of the incoming light beam, in order 
to change the angle of incidence of the incoming light 
beam into the micro fly's eye in a predetermined direc- 
tion. The aspect ratio-changing element includes, for ex- 
ample, a first prism which has a refractive surface hav- 
ing a V-shaped concave cross section in a predeter- 
mined direction, and a second prism which has a refrac- 
tive surface having a V-shaped convex cross section 
formed complementarily with respect to the refractive 
surface of the V-shaped concave cross section of the 
first prism. Further, at least any one of the first prism and 
the second prism is constructed to be movable along 
the optical axis. 

[0031] Therefore, when the spacing distance be- 
tween the concave refractive surface of the first prism 



and the V-shaped convex refractive surface of the sec- 
ond prism is changed, the entire size of the four-spot or 
annular secondary light source is changed in a prede- 
termined direction. As a result, the illumination optical 
5 apparatus according to the present invention makes it 
possible Lo realize mutually different illumination condi- 
tions in two directions perpendicular lo one another on 
the illumination objective plane. Therefore, when the ex- 
posure apparatus, which is incorporated with the illumi- 
10 nation optical apparatus of the present invention, is 
used, it is possible to set optimum illumination condi- 
tions in the two orthogonal directions perpendicular to 
one another on a mask on which the pattern has orien- 
tation. Thus, a good microdevice can be produced under 
15 a good illumination condition. 

[0032] Embodiments of the present invention will be 
explained on the basis of the accompanying drawings. 

Fig. 1 schematically shows an arrangement of an 
exposure apparatus provided with an illumination opti- 
20 cal apparatus according to a first embodiment of the 
present inventfon. With reference to Fig. 1 , theX, Y and 
Z axes are set as follows. That is, the Z axis extends in 
the direction of the normal line of a wafer as a photo- 
sensitive substrate, the Y axis extends in the direction 
25 parallel to the plane of paper of Fig. 1 in the wafer sur- 
face, and the X axis extends in the direction perpendic- 
ular to the plane of paper of Fig. 1 in the wafer surface. 
In Fig. 1 , the illumination optical apparatus is set to per- 
form the quadrupole illumination. 
30 [0033] The exposure apparatus shown in Fig. 1 is pro- 
vided with an excimer laser light source for supplying 
the light having a wavelength of, for example, 248 nm 
(KrF) or 193 nm (ArF) as a light source 1 for supplying 
the exposure light beam (illumination light beam). The 
35 substantially parallel light beam, which is radiated from 
the light source. "} in the Z direction, comes into a beam 
expander 2 which has a rectangular cross section ex- 
tending slenderly in the X direction and which is com- 
posed of a pair of lenses 2a, 2b. The respective lenses 
JO 2a, 2b have the negative refractive power and the pos- 
itive refractive power in the plane of paper of Fig. 1 (in 
the YZ plane) respectively. Therefore, the light beam, 
which comes into the beam expander 2, is enlarged in 
the plane of paper of Fig. 1 , and it is shaped into a light 
45 beam having a predetermined rectangular cross sec- 
tion. 

[0034] The substantially parallel light beam, which 
has passes through the beam expander 2 as the shap- 
ing optical system, is deflected by a bending mirror 3 in 
50 the Y direction, and then it comes into a diffracting op- 
tical element (diffractive optical element: DOE) 4 for the 
quadrupole illumination. In general, the diffracting opti- 
cal element is constructed such that the difference in 
height having a pitch approximately equal to the wave- 
55 length of the exposure light beam (illumination light 
beam) is formed on a glass substrate. The diffracting 
optical element has a function to diffract the incoming 
light beam at a desired angle. The light beam, which 
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comes into the diffracting optical element 4 for the quad- 
rupole illumination., is diffracted in specified four direc- 
tions at equal angles about the center ot the optical axis 
AX to provide four light beams, i.e.. the four-spot light 
beam. As described above, the diffracting optical ele- 
ment 4 constitutes a light beam-converting element for 
convening the light beam from the light source 1 into the 
four-spot light beam. 

[0035] The diffracting optical element 4 is insertable 
and detachable with respect to the illumination optical 
path : and it is exchangeable with a diffracting optical cl- 
ement 4a for the annular illumination and a diffracting 
optical element 4b for the conventional circular illumina- 
tion. The construction and the function of the diffracting 
optical element 4a for the annular illumination and the 
diffracting optical element 4b for the conventional circu- 
lar illumination will be described later on. In this embod- 
iment, the diffracting optical element 4 for the quadru- 
ple illumination is exchanged with the diffracting optical 
element 4a for the annular illumination or the diffracting 
optical element 4b for the conventional circular illumina- 
tion by means of a first driving system 22 which is oper- 
ated on the basis of a command from a control system 
21. 

[0036] The four-spot light beam, which is formed by 
the aid of the diffracting optical element 4, comes into 
an afocal zoom lens (magnification-varying relay optical 
system) 5 to form four spot images (spot-shaped light 
sources) on the pupil plane. The light beams from the 
four spot images form a substantially parallel light beam 
which outgoes from the afocal zoom lens 5 and which 
comes into a micro fly's eye 6. The afocal zoom lens 5 
is constructed such that the diffracting optical element 
4 and the light-incoming surface of the micro fly's eye 6 
are maintained lo be in an optically substantially conju- 
gate relationship, and the magni, .cation can be contin- 
uously changed within a predetermined range while 
maintaining the afocal system (afocal optical system). 
In this arrangement, the magnification of the afocal 
zoom lens 5 is changed by using a second driving sys- 
tem 23 which is operated on the basis of a command 
from the control system 21 . 

[0037] Accordingly, the light beam comes into the 
light-incoming surface of the micro fly's eye 6 from an 
oblique direction substantially symmetrically with re- 
spect to the optical axis AX. The micro fly's eye 6 is an 
optical element composed of a large number of regular 
hexagonal minute lenses having the positive refractive 
power arranged densely in the vertical and lateral direc- 
tions. In general, the micro fly's eye is constructed such 
that a plane parallel glass plate is subjected to an etch- 
ing treatment to form a group of minute lenses. 
[0038] In this arrangement, the respective minute 
lenses, which constitute the micro fly's eye, are more 
minute than the respective lens elements which consti- 
tute the fly's eye lens. In the micro fly's eye, the large 
number of minute lenses are formed in an integrated 
manner without being isolated from each other, unlike 



the fly's eye lens which is composed of the lens ele- 
ments isolated from each other However the micro fly's 
eye is the same as the fly's eye lens in that the lens el- 
ements having the positive refractive power are ar- 

5 ranged vertically and laterally In Fig. 1 : for the purpose 
of clarification of the drawing, the minute ienses for con- 
structing the micro fly's eye are depicted in a number 
which is extremely smaller than the actual number. 
[0039] Therefore, the light beam, which comes into 

10 the micro fly's eye 6. is two-dimensional!y divided by the 
large number of minute lenses. One group of light 
source including four spots is formed on the rear side 
focal plane of each of the minute lenses. As described 
above, the micro fly's eye 6 constitute a first optical in- 

15 tegrator for forming a first multiple light source com- 
posed of a large number of light sources on the basis of 
the light beam coming from the light source 1 . 
[0040] The light beam from the large number of light 
sources formed on the rear, side focal plane of the micro 

20 fly's eye 6 illuminates, in a superimposed manner, a fly's 
eye lens 8 as'a second optical integrator via a zoom lens 
(magnification-varying optical system) 7. The zoom lens 
is a magnification-varying optical system for varying the 
o value in which the focal length can be continuously 

25 changed within a predetermined range. The zoom lens 
7 optically connects the rear side focal plane of the micro 
fly's eye 6 and the rear side focal plane of the fly's eye 
lens 8 in a substantially conjugate manner. In other 
words, the zoom lens 7 connects the rear side focal 

30 plane of the micro fly's eye 6 and the light-incoming sur- 
face of the fly's eye lens 8 substantially in a relationship 
of Fourier transform. 

[0041] Therefore, the light beam, which comes from 
the large number of four-spot light sources formed on 

35 the rear side focal plane of the micro fly's eye 6, forms 
a four-spot field composed of four illumination fields 
which are symmetrically eccentric with respect to the op- 
tical axis AX, on the rear side focal plane of the zoom 
lens 7, and consequently on the light-incoming surface 

to of the fly's eye lens 8. The size of the quadrupolc illumi- 
nation field is changed depending on the focal length of 
the zoom lens 7. The focal length of the zoom lens 7 is 
changed by using a third driving system 24 which is op- 
erated on the basis of a command from the control sys- 

45 tern 21 . 

[0042] The fly's eye lens 8 is constructed such that a 
large number of lens elements having the positive re- 
fractive power are arranged densely in the vertical and 
lateral directions. Each of the respective lens elements 

50 for constructing the fly's eye lens 8 has a rectangular 
cross section which is similar to the shape of the illumi- 
nation field to be formed on the mask (and consequently 
to the shape of the exposure area to be formed on the 
wafer). The surface of each of the lens elements for con- 

55 structing the fly's eye lens 8, which is disposed on the 
light-incoming side, is formed to have a spherical con- 
figuration with its convex surface directed toward the 
light-incoming side, and the surface, which is disposed 
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on the light-outgoing side, is formed to have a spherical 
configuration with its convex surface directed toward the 
light-outgoing side. Therefore, the light beam, which 
comes into the fly's eye lens 8, is divided two-dimen- 
sionally by the large number of lens elements. A large 
number of light sources are formed respectively on the 
rear side focal planes of the respective lens elements 
into which the light beam has come. 
[0043] Accordingly, as shown in Fig. 2, a secondary 
light source, which has substantially the same light in- 
tensity distribution as that of the illumination field formed 
by the incoming light beam into the fly's eye lens 8, i.e., 
a quadrupole secondary light source substantially com- 
posed of four surface light sources 31 to 34 which are 
symmetrically eccentric with respect to the optical axis 
AX, is formed on the rear side focal plane of the fly's eye 
lens 8. As described above, the fly's eye lens 8 consti- 
tutes the second optical integrator for forming the sec- 
ond multiple light source composed of light sources of 
a larger number, on the basis of the light beam from the 
first multiple light source formed on the rear side focal 
plane of the micro fly's eye 6 as the first optical integra- 
tor. 

[0044] The light beam, which comes from the quad- 
rupole secondary light source formed on the rear side 
focal plane of the fly's eye lens 8, is restricted by an ap- 
erture diaphragm having a four-spot light-transmitting 
section, if necessary, and then the light beam is subject- 
ed to the light-collecting action of a condenser optical 
system 9. After that, the light beam illuminates, in a su- 
perimposed manner, the mask M on which a predeter- 
mined pattern is formed. The light beam, which has 
transmitted through the pattern on the mask M, forms 
an Image of the mask pattern on the wafer W as a pho- 
tosensitive substrate (a workpiece) by the aid of a pro- 
jection optical system PL. In accordance with this pro- 
cedure, the full field exposure or the scanning exposure 
is performed while two-dimensionally driving and con- 
trolling the wafer W in the plane (XY plane) perpendic- 
ular to the optical axis AX of the projection optical sys- 
tem PL. Thus, the respective exposure areas on the wa- 
fer W are successively exposed with the pattern on the 
mask M. 

[0045] In the full field exposure, each of the exposure 
areas on the wafer is collectively exposed with the mask 
pattern in accordance with the so-called step-and-re- 
peat system. In this case, the shape of the illumination 
area on the mask M is a rectangular configuration which 
is close to a square. The cross-sectional configuration 
of each of the lens elements of the fly's eye lens 8 is 
also a rectangular configuration which is close to a 
square. On the other hand, in the scanning exposure, 
each of the exposure areas on the wafer is subjected to 
scanning exposure with the mask pattern while relative- 
ly moving the mask and the wafer with respect to the 
projection optical system in accordance with the so- 
called step-and-scan system. In this case, the shape of 
the illumination area on the mask M is a rectangular con- 



figuration in which the ratio between the short side and 
the long side is, for example, 1:3. The cross-sectional 
configuration of each of the lens elements of the fly's 
eye lens 8 is also a rectangular configuration which is 

s similar thereto. 

[0046] With reference lo Fig. 2 again, Lhe quadrupole 
secondary light source, which is formed on the rear side 
focal plane of the fly's eye lens 8, is constructed by the 
four regular hexagonal surface light sources 31 to 34. 

10 in this case, the centers 31a to 34a of the respective 
surface light sources arc separated from each other by 
the same distance from the optical axis AX. The quad- 
rilateral, which is formed by connecting the four centers 
31a to 34a, is a square which has sides parallel to the 

15 x direction and the Z direction about the center of the 
optical axis AX. That is, the quadrupole secondary light 
sources, which are formed by the fly's eye lens 8, are 
located in the same positional relationship concerning 
the X direction and the Z direction. 

20 [0047] Therefore, the cross-sectional configuration of 
the light beam coming into an arbitrary one point on the 
mask M as the illumination objective plane also has a 
four-spot configuration having the same positional rela- 
tionship concerning the X direction and the Z direction. 

25 in other words, the illumination condition is identical for 
the perpendicular two directions (X direction and Y di- 
rection) on the mask M. Accordingly, in the first embod- 
iment, in order to realize mutually different illumination 
conditions in the perpendicular two directions on the 

30 mask M, a V-shaped axicon 1 0, which is composed of 
a pair of prisms 1 0a, 1 0b, is arranged in the optical path 
of the afocal zoom lens 5. 

[0048] Fig, 3 schematically shows an arrangement of 
the pair of prisms for constructing a V-shaped axicon 

35 system (hereinafter simply referred to as "V-shaped ax- 
icon") arranged in the optical path of the afocal zoom 
lens. As shown in Figs. 1 and 3, the V-shaped axicon 
10 comprises a first prism 10a which has a flat plane 
directed toward the light source and a concave refrac- 

40 tion plane directed toward the illumination objective 
plane, and a second prism 10b which has a flat plane 
directed toward the illumination objective plane and a 
convex refraction plane directed toward the light source, 
the first prism 10a and the second prism 10b being ar- 

45 ranged in this orderfrom the side of the light source. The 
concave refraction plane 10c of the first prism 10a in- 
cludes two flat surfaces which are parallel in the X di- 
rection, and it has a V-shaped convex cross section in 
the Z direction. 

50 [0049] The convex refraction plane 1 0d of the second 
prism 1 0b is formed so that it is capable of making mu- 
tual abutment against the concave refraction plane 10c 
of the first prism 1 0a. In other words, the convex refrac- 
tion plane 10d of the second prism 10b is formed com- 

55 plementarily with respect to the concave refraction 
plane 10c of the first prism 10a. That is, the concave 
refraction plane 10d of the second prism 10b is con- 
structed by the two flat surfaces which are parallel in the 
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X direction, having a V-shaped concave cross section 
in the Z direction. At least one of the first prism 1 0a and 
the second prism 10b is constructed to be movable 
along the optical axis AX. The spacing distance between 
the concave refraction plane 1 0c and the convex refrac- 
tion plane 10d is constructed to be variable. 
[0050] The change of the spacing distance o\ the V- 
shaped axicon 10. i.e. r the change of the spacing dis- 
tance between the concave refraction plane 1 0c and the 
convex refraction plane 1 Od is effected by a fourth driv- 
ing system 25 which is operated on the basis of a com- 
mand from the control system 21 . For cxamplc : the in- 
formation , which concerns a variety of masks to be suc- 
cessively exposed in accordance with the step-and-re- 
peat system or the step-and-scan system, is inputted 
into the control system 21 by the aid of an input unit 20 
such as a keyboard. 

[0051] In this arrangement, the V-shaped axicon 10 
functions as a plane parallel plate, and no influence is 
exerted on the quadrupole secondary light source to be 
formed, in a state in which the concave refraction plane 
10c of the first prism 10a abuts against the convex re- 
fraction plane 10d of the second prism 10b. However 
when the concave refraction plane 1 0c of the first prism 
10a and the convex refraction plane 10d of the second 
prism 10b are separated from each other then the V- 
shaped axicon 10 functions as a plane parallel plate in 
the X direction, but it functions as a beam expander in 
the Z direction. 

[0052] Therefore, when the spacing distance be- 
tween the concave refraction plane 1 0c and the convex 
refraction plane 10d is changed, then the angle of inci- 
dence of the incoming light beam into the micro fly's eye 
6 in the X direction is not changed, but the angle of in- 
cidence of the incoming light beam into the micro fly's 
eye 6 in the Y direction is changed. As c. result, the cent- 
ers 31a to 34a of the respective surface light sources 
31 to 34 shown in Fig. 2 are not moved in theX direction, 
but they are moved in the Z direction. In this way, the V- 
shaped axicon 10 constitutes an aspect ratio-changing 
element for changing the aspect ratio of the incoming 
light beam, because it changes the angle of incidence 
of the incoming light beam into the micro fly's eye 6 in 
the Y direction. 

[0053] Fig. 4 schematically illustrates the influence 
exerted on the quadrupole secondary light source by the 
change of the spacing distance of the V-shaped axicon, 
the change of the magnification of the afocal zoom lens, 
and the change of the focal length of the zoom lens. As 
shown in Fig. 4A, when the spacing distance of the V- 
shaped axicon 10 is zero, i.e., when the concave refrac- 
tion plane 1 0c abuts against the convex refraction plane 
10d, then the respective surface light sources for con- 
structing the quadrupole secondary light source are 
formed in the same positional relationship in relation to 
the X direction and the Z direction. When* the spacing 
distance of the V-shaped axicon 1 0 is changed from ze- 
ro to a predetermined size, then the respective surface 
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light sources are moved in the Z direction without chang- 
ing the shape and the size thereof as shown in Fig. 4B. 
and the spacing distance between the centers of the re- 
spective surface light sources in the X direction is not 
5 changed, but the spacing distance in the Z direction is 
increased. 

[0054] When the magnification of the afocal zoom 
lens 5 is changed in the state in which the spacing dis- 
tance of the V-shaped axicon 10 is zero : then the re- 

10 spective surface light sources are moved by the same 
distance in the X direction and the Z direction without 
changing the shape and the size thereof as shown in 
Fig. 4C. and the spacing distance between the respec- 
tive surface light sources is increased or decreased. 

15 Further when the focal length of the zoom lens 7 is 
changed in the state in which the spacing distance of 
the V-shaped axicon 10 is zero : the entire quadrupole 
secondary light source is similarly increased or de- 
creased as shown in Fig. 4D./That is ? the size of each 

20 of the surface light sources is increased or decreased 
without changing the shape thereof, and the respective 
surface light sources are moved by the same distance 
in the X direction and the Z direction. In order to avoid 
any deterioration of the prism members 10a, 10b which 

25 would be otherwise caused by the radiation of laser it 
is preferable that the prism members 1 0a ; 1 0b are ar- 
ranged while being separated by a spacing distance 
from the light-collecting point at which the four spot im- 
ages are formed in the optical path of the afocal zoom 

30 lens 5. 

[0055] As described above, the diffracting optical el- 
ement 4 is constructed insertably and detachably with 
respect to the illumination optical path. Further, the dif- 
fracting optical element 4 is exchangeable with the dif- 

35 trading optical element 4a for the annular illumination 
or the diffracting optical element 4b for the conventional 
circular illumination. Brief description will be made be- 
low for the annular illumination obtained by setting the 
diffracting optical element 4a in the illumination optical 

40 path in place of the diffracting optical clement 4. 

[0056] When the diffracting optical element 4a for the 
annular illumination is set in the illumination optical path 
in place of the diffracting optical element 4 for the quad- 
rupole illumination, an annular light beam is formed by 

45 the aid of the diffracting optical element 4a. The annular 
light beam, which is formed by the aid of the diffracting 
optical element 4a, comes into the afocal zoom lens 5 
to form a ring-shaped image (ring-shaped light source) 
on the pupil plane. The light beam from the ring-shaped 

so image forms a substantially parallel light beam to be ra- 
diated from the afocal zoom lens 5, and it forms a first 
multiple light source on the rear side focal plane of the 
micro fly's eye 6. 

[0057] The light beam from the first multiple light 
55 source which is formed by the micro fly's eye 6 forms an 
annular illumination field about the center of the optical 
axis AX on the light-incoming surface of the fly's eye lens 
8 by the aid of the zoom lens 7. As a result, a secondary 
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light source which has substantially the same light in- 
tensity as that of the illumination field formed on the 
light-incoming surface, i.e., an annular secondary light 
source which is formed about the center of the optical 
axis AX is formed on the rear side focal plane of the fly's 
eye lens 8. 

[0058] Fig. 5 schematically illustrates the influence 
exerted on the annular secondary light source by the 
change of the spacing distance of the V-shaped axicon, 
the change of the magnification of the afocal zoom lens, 
and the change of the focal length of the zoom lens. As 
shown in Fig. 5A, when the spacing distance of the V- 
shaped axicon 10 is zero, i.e., when the concave refrac- 
tion plane 1 0c abuts against the convex refraction plane 
10d, then the respective surface light sources for con- 
structing the annular secondary light source are formed 
in the same positional relationship in relation to the X 
direction and the Z direction. When the spacing distance 
of the V-shaped axicon 10 is changed from zero to a 
predetermined size, then the entire size of the annular 
secondary light source is increased in the Z direction 
without changing the width of the annular secondary 
light source as shown in Fig. 5B to form an elliptic an- 
nular secondary light source extending in the Z direc- 
tion. 

[0059] When the magnification of the afocal zoom 
lens 5 is changed in the state in which the spacing dis- 
tance of the V-shaped axicon 1 0 is zero, then the outer 
diameter (size) of the annular secondary light source is 
increased or decreased without changing the width 
thereof as shown in Fig. 5C. Further, when the focal 
length of the zoom lens 7 is changed in the state in which 
the spacing distance of the V-shaped axicon 10 Is zero, 
the entire annular secondary light source is similarly in- 
creased or decreased as shown in Fig. 5D. That is, both 
of the width and the outer diameter of the annular sec- 
ondary light source are increased or decreased. 
[0060] Next, explanation will be made for the conven- 
tional circular illumination obtained by setting the dif- 
fracting optical clement 4b for the circular illumination in 
the illumination optical path in place of the diffracting op- 
tical element 4 or 4a. The diffracting optical element 4b 
for the circular illumination has a function to convert the 
incoming rectangular light beam into a circular light 
beam. Therefore, the circular light beam, which is 
formed by the diffracting optical element 4b, is magnified 
or reduced by the afocal zoom lens 5 in accordance with 
the magnification thereof, and it comes into the micro 
fly's eye 6. 

[0061] Accordingly, a first multiple light source is 
formed on the rear side focal plane of the micro fly's eye 

6. The light beam from the first multiple light source 
which is formed on the rear side focal plane of the micro 
fly's eye 6 forms a circular illumination field about the 
center of the optical axis AX on the light-incoming sur- 
face of the fly's eye lens 8 by the aid of the zoom lens 

7. As a result, a circular secondary light source, which 
is formed about the center of the optical axis AX, is also 



formed on the rearside focal plane of the fly's eye lens 8. 
[0062] In this case, when the spacing distance of the 
V-shaped axicon 10 is changed from zero to a predeter- 
mined size, the circular secondary light source is en- 

5 larged in the Z direction to form an elliptic secondary 
light source extending in the Z direction . When the mag- 
nification of the afocal zoom lens 5 is changed, or when 
the focal length of the zoom lens 7 is changed in the 
state in which the spacing distance of the V-shaped ax- 

io icon 10 is zero, then the entire circular secondary light 
source is similarly enlarged or reduced. That is, the out- 
er diameter (size) of the circular secondary light source 
is magnified or reduced. 

[0063] As described above, in the first embodiment, 
15 the entire size of the secondary light source is changed 
in the Z direction without being changed in the X direc- 
tion by changing the spacing distance of the V-shaped 
axicon 10. 

As a result, it is possible to realize the mutually different 
20 illumination conditions in the perpendicular two direc- 
tions (X direction and Y direction) on the mask M. Con- 
sequently, it is possible to set the optimum illumination 
conditions in the perpendicular two directions on the 
mask M on which the pattern has the orientation. 
25 [0064] In the embodiment described above, as shown 
in Fig. 6A, the V-shaped axicon 1 0 is constructed by the 
first prism which has the V-shaped concave cross sec- 
tion and the second prism which has the V-shaped con- 
vex cross section. However, there is no limitation there- 
to to. As shown in Fig. 6B, portions of the V-shaped con- 
cave cross section and the V-shaped convex cross sec- 
tion, which are disposed in the vicinity of the apexes, 
may be formed to have flat surface configurations per- 
pendicular to the optical axis AX as well. Alternatively, 
35 in order to obtain an elliptic annular secondary light 
source or an elliptic secondary light source in which the 
contour is relatively smooth for the annular illumination 
or the circular illumination, it is preferable that portions 
of the V-shaped concave cross section and the V- 
40 shaped convex cross section, which are disposed in the 
vicinity of the apexes, are formed to have cylindrical con- 
figurations as shown in Fig. 6C. 

[0065] In the embodiment described above, the entire 
size of the secondary light source is changed in the Z 

45 direction without being changed in the X direction by 
changing the spacing distance of the V-shaped axicon 
1 0. However, as shown in Fig. 7A, the V-shaped axicon 
1 0 may be constructed to be rotatable about the center 
of the optical axis AX, and thus the entire size of the 

so secondary light source may be changed in a desired di- 
rection (for example, in the X direction) as well. 
[0066] Alternatively, as shown in Fig. 7B, the entire 
size of the secondary light source may be independently 
changed in the X direction and the Z direction respec- 

55 tively as well by arranging two pairs of V-shaped axicons 
in which the acting directions are perpendicular to one 
another. In this case, when the two pairs of the V-shaped 
axicons are constructed to be rotatable about the center 
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of the optical axis AX integrally or independently, the en- 
tire size of the secondary light source may be independ- 
ently changed in arbitrary perpendicular two directions 
or in arbitrary two directions respectively as well. 
[0067] In the first embodiment described above, the 
diffracLing optical elements 4. 4a. 4b as Lhe light beam- 
converting elements may be also positioned in Lhe illu- 
mination optical path, for example ; in accordance with 
the turret system or by using the known slider mecha- 
nism. 

[0068] In the first embodiment described above, the 
shape of the minute lens for constructing the micro fly's 
eye 6 is set to be regular hexagonal : for the following 
reason. That is : the regular hexagonal configuration is 
selected as a polygon which is close to a circle, because 
circular minute lenses cannot be arranged densely, re- 
sulting in occurrence of any light amount loss However 
the shape of each of the minute lenses for constructing 
the micro fly's eye 6 is not limited thereto. It is possible 
to use other appropriate shapes including, for example, 
rectangular shapes. 

[0069] Further in the first embodiment described 
above, the diffracting optical element 4b is positioned in 
the illumination optical path when the conventional cir- 
cular illumination is performed. However, it is also pos- 
sible to omit the use of the diffracting optical element 4b. 
Further in the first embodiment described above, the 
diffracting optical element is used as the light beam-con- 
verting element. However there is no limitation thereto. 
It is also possible to use, for example, a micro fly's eye 
or a minute prism array. Detailed explanation concern- 
ing the diffracting optical element capable of being used 
in the present invention is disclosed, for example, in 
United States Patent No. 5,850,300 and Japanese Pat- 
ent Application Laid-open No. 2001-174615 (corre- 
sponding to United States Patent Application No. 
09/549,720 filed on April 1 4, 2000). The content of Unit- 
ed States Patent No. 5,850,300 and Japanese Patent 
Application Laid-open No. 2001-174615 (corresponds 
to United States Patent Application No. 09/549,720 ) is 
incorporated herein by reference. 

[0070] The first embodiment described above is con- 
structed such that the light beam from the secondary 
light source is collected by using the condenser optical 
system 9 to illuminate the mask M in the superimposed 
manner. However, an illumination field stop (mask blind) 
and a relay optical system for forming an image of the 
illumination field stop on the mask M may be arranged 
between the condenser optical system 9 and the mask 
M. In this case, the condenser optical system 9 collects 
the light from the secondary light source to illuminate 
the illumination field stop in a superimposed manner. 
The relay optical system forms the image of an aperture 
(light-transmitting section) of the illumination field stop 
on the mask M. 

[0071] Further, in the first embodiment described 
above, the fly's eye lens 8 is formed by accumulating 
the plurality of element lenses. However it is also pos- 



sible that they are micro fly's eyes As described above, 
the micro fly's eye is formed such that a plurality of 
minute lens surfaces are provided in a matrix configu- 
ration on a light-transmitting substrate by means of a 

5 technique such as etching. There is no substantial func- 
tional difference between the fly's eye lens and the micro 
fly's eye in relation to Lhe fact lhal a plurality of light 
source images are formed. However, the micro fly's eye 
is advantageous, for example : because the size of the 

10 aperture of one element lens (minute lens) can be made 
extremely small, the production cost can be greatly re- 
duced, and the thickness in the optical axis direction can 
be made extremely thin. 

[0072] Fig. 10 schematically shows an arrangement 

15 of an exposure apparatus provided with an illumination 
optical apparatus according to a second embodiment of 
the present invention The second embodiment is con- 
structed similarly to the first embodiment. However the 
former is basically different from the latter in the arrange- 

20 ment rangingfromthe bending mirror3 to the zoom lens 
7, the use of'a micro fly's eye (micro lens array) 8a in 
place of the fly's eye lens 8, and the arrangement rang- 
ing from the condenser optical system 9 to the mask M. 
The second embodiment will be explained below while 

25 attracting the attention to the difference from the first 
embodiment. In Fig. 10, the illumination optical appara- 
tus 4 is set to perform the quadrupole illumination. 
[0073] In the second embodiment, the substantially 
parallel light beam, which is radiated from the light 

30 source 1 , passes along the beam expander 2 and the 
bending mirror 3, and it comes into the diffracting optical 
element 11a for the quadrupole illumination. The dif- 
fracting optical element 1 1 a has a function to form a four- 
spot light intensity distribution in the far field thereof 

35 (Fraunhofer diffraction area) when lhe parallel light 
beam having a rectangular cross section comes there- 
into. The diffracting optical element 1 1 a for the quadru- 
pole illumination is constructed insertably and detacha- 
bly with respect to the illumination optical path. The dif- 

40 fracting optical clement 11 a for the quadrupole illumina- 
tion is exchangeable with the diffracting optical element 
11b for the annular illumination or the diffracting optical 
element 11c for the circular illumination. 
[0074] Specifically, the diffracting optical element 11a 

45 js supported on a turret substrate (rotary plate, not 
shown in Fig. 10) which is rotatable about a predeter- 
mined axis parallel to the optical axis AX. Those provid- 
ed on the turret substrate in the circumferential direction 
are a plurality of diffracting optical elements 11a having 

50 different characteristics for the quadrupole illumination, 
a plurality of diffracting optical elements 11b having dif- 
ferent characteristics for the annular illumination, and a 
plurality of diffracting optical elements 11c having differ- 
ent characteristics forthe circular illumination. The turret 

55 substrate is rotatable about the axis which passes 
through the central point and which is parallel to the op- 
tical axis AX. 

[0075] Therefore, a desired diffracting optical ele- 
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ment, which is selected from the large number of dif- 
fracting optical elements 11a to 11c, can be positioned 
in the illumination optical path by rotating the turret sub- 
strate. The rotation of the turret substrate (and conse- 
quently the switching for the diffracting optical elements 
11a. 11b) is performed by a driving system 26 which is 
operated on the basis of a command from Lhe control 
system 21. However, there is no limitation to the turret 
system. For example, the switching for the diffracting 
optical elements 11a, 11b, 11c may be also performed 
in accordance with a known slide system. 
[0076] The light beam, which has passed through the 
diffracting optical element 11a as a light shape convert- 
er, comes into an afocal lens (relay optical system) 12. 
The afocal lens 1 2 is an afocal system (afocal optical 
system) which is set so that the position of the front side 
focus position and the position of the diffracting optical 
element 11a are substantially coincident with each oth- 
er, and the rear side focus position and the position of 
a predetermined plane 13 indicated by a broken line in 
the drawing are substantially coincident with each other. 
The position of the predetermined plane 13 corresponds 
to the position at which the micro fly's eye 6 is installed 
in the first embodiment. 

[0077] Therefore, the substantially parallel light 
beam, which comes into the diffracting optical element 
1 1 a. forms the four-spot light intensity distribution on the 
pupil plane of the afocal lens 12, and then it forms a 
substantially parallel light beam to be radiated from the 
afocal lens 12. A conical axicon 14, a first V-shaped ax- 
icon 1 5 , and a second V-shaped axicon 1 6 are arranged 
in this order from the side of the light source in the optical 
path between a front side lens group 1 2a and a rear side 
lens group 12b of the afocal lens 12. Detailed arrange- 
ment and function of these components will be de- 
scribed later on. Basic arrangement and function of the 
second embodiment will be described below while omit- 
ting the function of the axicons 1 4 to 1 6 in order to sim- 
plify the description. 

[0078] The light beam, which has passed through the 
afocal lens 12, comes into a micro fly's eye 8a as an 
optical integrator via a zoom lens (magnification-varying 
optical system) 7 for varying the a value. The o value is 
defined as a = NAi/NAo = R2/R1 provided that R1 rep- 
resents the size (diameter) of the pupil of the projection 
optical system PL, R2 represents the size (diameter) of 
the illumination light beam or the light source image 
formed on the pupil of the projection optical system PL, 
NAo represents the numerical aperture on the side of 
the mask (reticle) M of the projection optical system PL, 
and NAi represents the numerical aperture of the illumi- 
nation optical system for illuminating the mask (reticle) 
M. However, in the case of the annular illumination, R2 
represents the outer diameter of the annular illumination 
light beam or the annular light source image which is 
formed on the pupil of the projection optical system PL, 
and NAi represents the numerical aperture which is de- 
termined by the outer diameter of the annular light beam 



formed on the pupil of the illumination optical system. In 
the case of the quadrupole illumination or the like, R2 
represents the size or the diameter of the circle which 
circumscribes the multiple-spot illumination light beam 

5 or the multiple-spot light source image formed on the 
pupil of Lhe projection optical system PL, and NAi rep- 
resents the numerical aperture which is determined by 
the size or the diameter of the circle circumscribing the 
multiple-spot illumination light beam formed on the pupil 

10 of the illumination optical system. In the case of the an- 
nular illumination, the annular ratio is defined by Ri/Ro 
provided that Ro represents the outer diameter of the 
annular illumination light beam, and Ri represents the 
inner diameter of the annular illumination light beam. 

15 [0079] The predetermined plane 1 3 is arranged at the 
position in the vicinity of the front side focus position of 
the zoom lens 7. The light-incoming surface of the micro 
fly's eye 8 is arranged in the vicinity of the rear side focus 
position of the zoom lens 7. In^other words, the zoom 

20 lens 7 serves to arrange the predetermined plane 13 
and the light-iricoming surface of the micro fly's eye 8a 
substantially in a relationship of Fourier transform, and 
consequently arrange the pupil plane of the afocal lens 
12 and the light-incoming surface of the micro fly's eye 

25 8a optically substantially in a conjugate manner. There- 
fore, a quadrupole illumination field, which is composed 
of, for example, four illumination fields eccentric with re- 
spect to the optical axis AX, is formed on the light-in- 
coming surface of the micro fly's eye 8a which has the 

30 same function as that of the fly's eye lens 8 in the first 
embodiment, in the same manner as for the pupil plane 
of the afocal lens 12. The shape of each of the illumina- 
tion fields for constructing the quadrupole illumination 
field depends on the characteristic of the diffracting op- 

35 tical element 11a. However, in this case, it is assumed 
that the quadrupole illumination field, which is com- 
posed of four circular illumination fields, is formed. The 
entire shape of the quadrupole illumination field is 
changed similarly depending on the focal length of the 

40 zoom lens 7. 

[0080] Each of the minute lenses for constructing the 
micro fly's eye 8a has a rectangular cross section which 
is similar to the shape of the illumination field to be 
formed on the mask M (and consequently the shape of 

45 the exposure area to be formed on the wafer W). The 
light beam, which has come into the micro fly's eye 8a, 
is two-dimensionally divided by the large number of 
minute lenses to form, on the rear side focal plane (and 
consequently on the pupil of the illumination optical sys- 

50 tern), the secondary light source having substantially the 
same light intensity distribution as that of the illumination 
field to be formed by the light beam coming into the mi- 
cro fly's eye 8a, i.e., the quadrupole secondary light 
source composed of four circular substantial surface 

55 light sources eccentric with respect to the optical axis 
AX. 

[0081] The light beam, which comes from the quad- 
rupole secondary light source formed on the rear side 
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focal plane of the micro fly's eye 8a : is subjected to the 
light-collecting action of the condenser optical system 
9, and then it illuminates, in a superimposed manner a 
mask blind 17 as an illumination field stop. The light 
beam, which has passed through the rectangular aper- 5 
lure (light-transmitting section) of the mask blind 17, is 
subjected lo Lhe lighl-collecting action of an image-form- 
ing optical system 18, and then it illuminates the mask 
M in a superimposed manner. The light beam, which has 
passed through a pattern on the mask M, forms an im- 
ago of the mask pattern on the wafer W by the aid of the 
projection optical system PL. A variable aperture dia- 
phragm for defining the numerical aperture of the pro- 
jection optical system PL is provided in the projection 
optical system PL. The pupil of projection optical system 
PL is positioned at a position of the image of the variable 
aperture diaphragm. The variable aperture diaphragm 
is driven by a driving system 27 which is operated on 
the basis of a command from the control system 21 . 
[0082] Fig. 1 1 shows a perspective view schematical- 
ly illustrating an arrangement of three axicon systems 
(hereinafter simply referred to as "axicons") which are 
arranged in the optical path between the front side lens 
group and the rear side lens group of the afocal lens in 
the second embodiment. In the second embodiment as 
shown in Fig. 11 . the conical axicon 14 : the first V- 
shaped axicon 15, and the second V-shaped axicon 1 6 
are arranged in this order from the side of the light 
source in the optical path between the front side lens 
group 1 2a and the rear side lens group 1 2b of the afocal 
lens 12. 

[0083] The conical axicon 14 comprises a first prism 
member 14a which has a flat plane directed toward the 
light source and a concave cone-shaped refraction sur- 
face directed toward the mask, and a second prism 
member 14b which has a flat plane directed towarJ the 
mask and a convex cone-shaped refraction surface di- 
rected toward the light source, the first prism member 
14a and the second prism member 14b being arranged 
in this order from the side of the light source. The con- 
cave cone-shaped refraction surface of the first prism 
member 14a and the convex cone-shaped refraction 
surface of the second prism member 14b are formed 
complementarily so that they are capable of making mu- 
tual abutment. 

[0084] At least one member of the first prismmember 
14a and the second prism member 14b is constructed 
to be movable along the optical axis AX. The spacing 
distance between the concave cone-shaped refraction 
surface of the first prism member 14a and the convex 
cone-shaped refraction surface of the second prism 
member 14b is variable. The spacing distance of the 
conical axicon 14 is changed by a driving system 28a 
which is operated on the basis of a command from the 
control system 21 . 

[0085] In this arrangement, the conical axicon 14 
functions as a plane parallel plate in a state in which the 
concave cone-shaped refraction surface of the first 



prism member 14a abuts against the convex cone- 
shaped refraction surface of the second prism member 
1 4b. No influence is exerted on the quadrupole second- 
ary light source to be formed. However when the con- 
cave cone-shaped refraction surface of the first prism 
member 1 4a is separated from the convex cone-shaped 
refraction surface of the second prism member 14b. the 
conical axicon 14 functions as a so-called beam ex- 
pander. Therefore, the angle of the incoming light beam 
into the predetermined plane 13 is changed in accord- 
ance with the change of the spacing distance of the con- 
ical axicon 14. 

[0086] The first V-shaped axicon 15 comprises a first 
prism member 15a which has a flat plane directed to- 
ward the light source and a concave refraction plane 
having a V-shaped configuration directed toward the 
mask, and a second prism member 1 5b which has a flat 
plane directed toward the mask and a convex refraction 
plane having a V-shaped configuration directed toward 
the light source. The concave refraction plane of the first 
prism member 1 5a includes two flat surfaces with a line 
of intersection thereof extending in the Z direction. The 
convex refraction plane of the second prism member 
1 5b is formed to make mutual abutment against the con- 
vex refraction plane of the first prism member 15a. In 
other words, the convex refraction plane of the second 
prism member 15b is formed complementarily with the 
concave refraction plane of the first prism member 15a. 
[0087] That is, the convex refraction plane of the sec- 
ond prism member 15b also includes two flat surfaces 
with a line of intersection thereof extending in the Z di- 
rection. At least one of the first prism member 15a and 
the second prism member 1 5b is constructed to be mov- 
able along the optical axis AX. The spacing distance be- 
tween the concave refraction plane of the first prism 
member 1 5a and the convex refraction plane of the sec- 
ond prism member 15b is variable. The spacing dis- 
tance of the first V-shaped axicon 15 is changed by a 
driving system 28b which is operated on the basis of a 
command from the control system 21 . 
[0088] The second V-shaped axicon 16 comprises a 
first prism member 1 6a which has a flat plane directed 
toward the light source and a concave refraction plane 
having a V-shaped configuration directed toward the 
mask, and a second prism member 1 6b which has a flat 
plane directed toward the mask and a convex refraction 
plane having a V-shaped configuration directed toward 
the light source. The concave refraction plane of the first 
prism member 1 6a includes two flat surfaces with a line 
of intersection thereof extending in the X direction. The 
convex refraction plane of the second prism member 
1 6b is formed complementarily with the concave refrac- 
tion plane of the first prism member 16a. That is, the 
convex refraction plane of the second prism member 
1 6b also includes two flat surfaces with a line of inter- 
section thereof extending in the X direction. 
[0089] At least one of the first prism member 1 6a and 
the second prism member 1 6b is constructed to be mov- 
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able along the optical axis AX. The spacing distance be- 
tween the concave refraction plane of the first prism 
member 1 6a and the convex refraction plane of the sec- 
ond prism member 16b is variable. The spacing dis- 
tance of the second V-shaped axicon 1 6 is changed by s 
a driving syslem 28c which is operated on the basis of 
a command from the control syslem 21 . 
[0090] In this arrangement, in a state in which the con- 
cave refraction plane and the convex refraction plane, 
which are opposed to one another, make mutual abut- 
ment, each of the first V-shaped axicon 15 and the sec- 
ond V-shaped axicon 16 functions as a plane parallel 
plate, and no influence is exerted on the quadrupole 
secondary light source to be formed. However, when the 
concave refraction plane and the convex refraction 
plane are separated from each other, then the first V- 
shaped axicon 15 functions as a plane parallel plate in 
the Z direction, but it functions as a beam expander in 
the X direction. When the concave refraction plane and 
the convex refraction plane are separated from each 
other, then the second V-shaped axicon 1 6 functions as 
a plane parallel plate in the X direction, but it functions 
as a beam expander in the Z direction. 
[0091 ] Fig. 1 2 illustrates the function of the conical ax- 
icon for the secondary light source formed by the quad- 
rupole illumination in the second embodiment. In the 
quadrupole illumination in the second embodiment, 
when the spacing distance of the conical axicon 14 is 
enlarged from zero to a predetermined value, then each 
of the circular surface light sources 40a to 40d for con- 
structing the quadrupole secondary light source is 
moved outwardly in the radial direction of the center 
formed about the center of the optical axis AX, and the 
shape is changed from the circular configuration to the 
elliptic configuration. Thai is, the line segment, which 
connects the central point of each of the circular surface 
light sources 40a to 40d before the change and the cen- 
tral point of each of the elliptic surface light sources 41a 
to 41 d after the change, passes through the optical axis 
AX, and the distance of movement of the central point 
depends on the spacing distance of the conical axicon 
14. 

[0092] Further, the angle, at which each of the circular 
surface light sources 40a to 40d before the change is 
viewed from the optical axis AX (angle formed by a pair 
of tangential lines extending from the optical axis AX to 
the respective surface light sources 40a to 40d) is equal 
to the angle at which each of the elliptic surface light 
sources 41 a to 41 d after the change is viewed from the 
optical axis AX. The diameter of each of the circular sur- 
face light sources 40a to 40d before the change is equal 
to the short diameter of each of the elliptic surface light 
sources 41a to 41 d after the change in the radial direc- 
tion of the circle formed about the center of the optical 
axis AX. The size of the long diameter of each of the 
elliptic surface light sources 41 a to 41 d after the change, 
which is disposed in the circumferential direction of the 
circle formed about the center of the optical axis AX, 



depends on the diameter of each of the circular surface 
light sources 40a to 40d before the change and the 
spacing distance of the conical axicon 14. 
[0093] Therefore, when the spacing distance of the 
conical axicon 14 is increased from zero to a predeter- 
mined value, then the quadrupole secondary light 
source, which is constructed by the four circular surface 
light sources, is changed into the quadrupole secondary 
light source constructed by the four elliptic surface light 
sources, and thus the outer diameter and the annular 
ratio can be changed without changing the width of the 
secondary light source before the change. In this case, 
the width of the quadrupole secondary light source is 
defined as 1/2 of the difference between the diameter 
of the circle circumscribing the four surface light sourc- 
es, i.e., the outer diameter and the diameter of the circle 
inscribing the four surface light sources, i.e., the inner 
diameter. The annular ratio of the quadrupo le secondary 
light source is defined as the ratio of the inner diameter 
to the outer diameter (inner diameter/outer diameter), 
[0094] Fig. 1'3 illustrates the function of the zoom lens 
for the secondary light source formed by the quadrupole 
illumination in the second embodiment. In the quadru- 
pole illumination in the second embodiment, when the 
focal length of the zoom lens 7 is changed, the entire 
shape of the quadrupole secondary light source, which 
is constructed by the four circular surface light sources 
42a to 42d, is similarly changed. That is, the respective 
circular surface light sources 42a to 42d for constructing 
the quadrupole secondary light source are moved in the 
radial directions of the circle formed about the center of 
the optical axis AX while maintaining the circular config- 
uration. 

[0095] The line segment, which connects the central 
point of each of the surface light sources 42a to 42d be- 
fore the change and the central point of each of the sur- 
face light sources 43a to 43d after the change, passes 
through the optical axis AX : and the distance of move- 
ment and the direction of movement of the central point 
depend on the change of the focal length of the zoom 
lens 7. Further, the angle, at which each of the surface 
light sources 42a to 42d before the change is viewed 
from the optical axis AX is equal to the angle at which 
each of the surface light sources 43a to 43d after the 
change is viewed from the optical axis AX. Accordingly, 
only the outer diameter of the quadrupole secondary 
light source can be changed by changing the focal 
length of the zoom lens 7 without changing the annular 
ratio of the quadrupole secondary light source. 
[0096] Fig. 14 illustrates the function of the first V- 
shaped axicon and the second V-shaped axicon for the 
secondary light source formed by the quadrupole illumi- 
nation in the second embodiment. When the spacing 
distance of the first V-shaped axicon 15 is changed, then 
the angle of incidence of the incoming light beam into 
the predetermined plane 13 in the Z direction is not 
changed, but the angle of incidence of the incoming light 
beam into the predetermined plane 13 in the X direction 
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is changed. As a result, as shown in Fig. 14A, the four 
circular surface light sources 44a to 44d are not moved 
in the Z direction, but they are moved in the X direction 
while maintaining the shape and the size thereof. That 
is. when the spacing distance of the first V-shaped axi- 
con 1 5 is increased from zero lo a predetermined value ; 
then the surface light sources 44b. 44c are moved in Ihe 
-X .direction, and the surface light sources 44a. 44d are 
moved in the +X direction. 

[0097] On the other hand, when the spacing distance 
of the second v-shaped axicon 1 6 is changed, the angle 
of incidence of the incoming light beam into the prede- 
termined plane 1 3 in the X direction is not changed : but 
the angle of incidence of the incoming light beam into 
the predetermined plane 13 in the Z direction is 
changed. As a result, as shown in Fig. 1 4B : the four cir- 
cular surface light sources 44a to 44d are not moved in 
the X direction, but they are moved in the Z direction 
while maintaining the shape and the size thereof. That 
is ; when the spacing distance of the second V-shaped 
axicon 1 6 is increased from zero to a predetermined val- 
ue, then the surface light sources 44a, 44b are moved 
in the +Z direction, and the surface light sources 44c, 
44d are moved in the -Z direction. 
[0098] When both of the spacing distance of the first 
V-shaped axicon 1 5 and the spacing distance of the sec- 
ond V-shaped axicon 1 6 are changed, both of the angle 
of incidence of the incoming light beam into the prede- 
termined plane 13 in the X direction and the angle of 
incidence of the incoming light beam into the predeter- 
mined plane 13 in the Z direction are changed. As a re- 
sult, as shown in Fig. 14C, the respective four circular 
surface light sources 44a to 44d are moved in the Z di- 
rection and in the X direction while maintaining the 
shape and the size thereof. Thai is, when both of the 
spacing distance of the first V-shaped axicon 1 5 and the 
spacing distance of the second V-shaped axicon 16 are 
increased from zero to the predetermined values, then 
the surface light source 44a is moved in the +Z direction 
and in the i X direction, the surface light source 44b is 
moved in the +Z direction and in the -X direction, the 
surface light source 44c is moved in the -Z direction and 
in the -X direction, and the surface light source 44d is 
moved in the -Z direction and in the +X direction. 
[0099] As described above, the conical axicon 1 4 con- 
stitutes an annular ratio-varying unit for varying the an- 
nular ratio of the illumination light beam on the pupil of 
the illumination optical system (on the rear side focal 
plane RF of the micro fly's eye 8a). The zoom lens 7 
constitutes a magnification -varying optical system for 
varying the magnitude of the illumination light beam on 
the pupil of the illumination optical system. The first V- 
shaped axicon 15 constitutes a first displacing unit for 
symmetrically displacing the illumination light beam on 
the pupil of the illumination optical system with respect 
to the optical axis in the X direction. The second V- 
shaped axicon 16 constitutes a second displacing unit 
for symmetrically displacing the illumination light beam 



on the pupil of the illumination optical system with re- 
spect to the optical axis in the Z direction. The conical 
axicon 14 ; the first V-shaped axicon 15 : the second V- 
shaped axicon 16. and the zoom lens 17 constitute a 
5 varying mechanism for varying the magnitude and the 
shape of the illumination light beam on the pupil of Ihe 
illumination optical system. 

[0100] Fig. 1 5 illustrates the function of the conical ax- 
icon. the zoom lens, the first V-shaped axicon. and the 

10 second V-shaped axicon for the respective circular sur- 
face light sources formed by the quadrupolc illumination 
in the second embodiment. In Fig. 15.. the attention is 
paid to one surface light source 45a of the four circular 
surface light sources for constructing the smallest quad- 

15 rupole secondary light source formed in a state (herein- 
after referred to as "standard state") in which all of the 
spacing distances of the conical axicon 14 : the first V- 
shaped axicon 1 5, and the second V-shaped axicon 1 6 
are zero, and the focal length pf the zoom lens 7 is set 

20 to the minimum value. 

[0101] Starting from the standard state, when the 
spacing distance of the first V-shaped axicon 15 is in- 
creased from zero to a predetermined value, then the 
surface light source 45a is moved in the X direction while 

25 maintaining the shape and the size thereof, and it arrives 
at a position indicated by reference numeral 45b. Sub- 
sequently, when the spacing distance of the second V- 
shaped axicon 1 6 is increased from zero to a predeter- 
mined value, then the surface light source 45b is moved 

30 in the z direction while maintaining the shape and the 
size thereof, and it arrives at a position indicated by ref- 
erence numeral 45c. 

[0102] When the focal length of the zoom lens 7 is in- 
creased from the minimum value to a predetermined 

35 value, then the circular surface light source 45c is en- 
larged while maintaining the circular configuration, it is 
moved outwardly in the radial direction of the circle 
formed about the center of the optical axis AX, and it 
arrives at a position indicated by reference numeral 45d. 

40 Further, if necessary, when the spacing distance of the 
conical axicon 14 is increased from zero to a predeter- 
mined value, then the circular surface light source 45d 
is changed from the circular configuration to an enlarged 
elliptic configuration, it is moved outwardly in the radial 

45 direction of the circle formed about the center of the op- 
tical axis AX, and it arrives at a position indicated by 
reference numeral 45e. 

[0103] Even when the spacing distance of the first V- 
shaped axicon 15 is increased from zero to a predeter- 

50 mined value after the spacing distance of the second V- 
shaped axicon 16 is increased from zero to a predeter- 
mined value, the surface light source 45a arrives at the 
position indicated by reference numeral 45c while main- 
taining the shape and the size thereof. Similarly, the po- 

55 sition, the shape, and the size of the surface light source, 
which are finally obtained, depend on the change of the 
spacing distances of the conical axicon 14, the first V- 
shaped axicon 15, and the second V-shaped axicon 16 
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and the change of the focal length of the zoom lens 7, 
and they do not depend on the order of the changes. 
[0104] Accordingly, the positions of the respective 
surface light sources for constructing the quadrupole 
secondary light source can be moved over the wide 
range owing lo the function of the conical axicon 14, the 
first V-shaped axicon 15, the second V-shaped axicon 
16, and the zoom lens 7. Further, it is possible to change 
the shape and the size thereof over the predetermined 
range. However, actually, the movement ratio of each of 
the surface light sources (i.e., the coordinate position of 
the surface light source before the movement with re- 
spect to the coordinate position of the surface light 
source after the movement), which is brought about by 
the conical axicon 14, the first V-shaped axicon 15, and 
the second V-shaped axicon 1 6, is restricted due to the 
optical design. Further, the range of the movement of 
each of the surface light sources is limited. 
[0105] Accordingly, in the second embodiment, three 
types of diffracting optical elements having different 
characteristics are provided as the diffracting optical el- 
ement 1 1 a for the quadrupole illumination. Fig. 1 6 illus- 
trates the respective surface light sources and the 
movement ranges of the respective surface light sourc- 
es which are formed by the aid of the three types of the 
diffracting optical elements for the quadrupole illumina- 
tion having the different characteristics in the second 
embodiment. Also in Fig. 1 6, the attention is paid to one 
surface light source 46 of the four circular surface light 
sources for constructing the smallest quadrupole sec- 
ondary light source formed in the standard state, in the 
same manner as in Fig. 15. 

[0106] In the second embodiment, the first diffracting 
optical element for the quadrupole illumination is used 
lo farm a quadrupole secondary light source in which 
the quadrangle formed by connecting the central points 
of four surface light sources is a rectangle which is slen- 
der in the X direction, i.e., a quadrupole secondary light 
source as shown in the right half of Fig. 14A. One sur- 
face light source 46a of the four circular surface light 
sources for constructing the quadrupole secondary light 
source formed by the first diffracting optical element for 
the quadrupole illumination is moved within a rectangu- 
lar range indicated by reference numeral 47a in accord- 
ance with the action of the first V-shaped axicon 1 5 and 
the second V-shaped axicon 16. 
[0107] On the other hand, the second diffracting opti- 
cal element for the quadrupole illumination is used to 
form a quadrupole secondary light source in which the 
quadrangle formed by connecting the central points of 
four surface light sources is a rectangle which is slender 
in the Z direction, i.e., a quadrupole secondary light 
source as shown in the right half of Fig. 14B. One sur- 
face light source 46b of the four circular surface light 
sources for constructing the quadrupole secondary light 
source formed by the second diffracting optical element 
for the quadrupole illumination is moved within a rectan- 
gular range indicated by reference numeral 47b in ac- 



cordance with the action of the first V-shaped axicon 1 5 
and the second V-shaped axicon 16. 
[01 08] Further, the third diffracting optical element for 
the quadrupole illumination is used to form a quadrupole 

5 secondary light source in which the quadrangle formed 
by connecting the central points of four surface Hghl 
sources is a square, i.e.. a quadrupole secondary lighl 
source as shown in the right half of Fig. 14C (or in the 
left halves of Figs. 14A to 14C). One surface light source 

10 46c of the four circular surface light sources for con- 
structing the quadrupole secondary light source formed 
by the third diffracting optical element forthe q uadrupole 
illumination is moved within a rectangular range indicat- 
ed by reference numeral 47c in accordance with the ac- 

15 tion of the first v-shaped axicon 15 and the second V- 
shaped axicon 16. 

[0109] Accordingly, in the second embodiment, even 
when the movement ratio (and consequently the move- 
ment range) of each of the surface light sources brought 

20 about by the first V-shaped axicon 15 and the second 
V-shaped axicon 16 is restricted to some extent in view 
of the optical design, it is possible to freely move the 
position of each of the surface light sources in the an- 
nular area about the center of the optical axis AX by us- 

25 ing the three type of the diffracting optical elements for 
the quadrupole illumination having the different charac- 
teristics in combination. Although not shown in Fig. 16, 
it is also possible to appropriately change the position, 
the shape, and the size of each of the surface light 

30 sources to be in a desired state in the annular area 
formed about the center of the optical axis AX owing to 
the function of the conical axicon 1 4 and the zoom lens 
7. 

[0110] A first modification of the second embodiment 
35 is provided with four types of diffracting optical elements 
having different characteristics as the diffracting optical 
element 11a for the quadrupole illumination. Figs. 17 
and 18 illustrate respective surface light sources, the 
movement thereof, and the deformation thereof, the re- 
40 spective surface light sources being formed by the four 
types of the diffracting optical elements forthe quadru- 
pole illumination having the different characteristics in 
the first modification of the second embodiment. Also in 
Figs. 17 and 1 8, the attention is paid to one surface light 
45 source 48 of the four circular surface light sources for 
constructing the smallest quadrupole secondary light 
source formed in the standard state, in the same manner 
as in Figs. 15 and 16. 

[0111] In the first modification of the second embodi- 
50 ment, as shown in Figs. 17 and 18, the quarter-circular 
area, which is defined by the circle formed about the 
center of the optical axis AX, the line segment parallel 
to the X axis, and the line segment parallel to the 2 axis, 
is divided into four sector areas by the three line seg- 
55 ments which pass through the optical axis AX. The cent- 
ers of the respective circular surface light sources 48a 
to 48d, which are formed by the four types of the diffract- 
ing optical elements for the quadrupole illumination re- 
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spectively. are set to be located in the respective sector 
areas. That is. the setting is made as follows. The sur- 
face light source 48a is formed by the first diffracting op- 
tical element, the surface light source 48b is formed by 
the second diffracting optical element, the surface light 
source 48c is formed by the third diffracting optical ele- 
ment, and the surface light source 48d is formed by the 
fourth diffracting optical element. 

[01 12] In the following description, in order to simplify 
the explanation, it is assumed that the quarter-circular 
area is equally divided into the four sector areas, and 
the respective surface light sources 48a to 48d arc ar- 
ranged in the circumferential direction of the circle 
formed about the center of the optical axis AX so that 
the respective surface light sources 48a to 48d make 
contact with each other. In this arrangement, when the 
spacing distance of the conical axicon 14 is increased 
from zero to a predetermined value, then the respective 
surface light sources 48a to 48d are changed so that the 
shape thereof is altered from the circle to the enlarged 
ellipse as shown in Fig. 17, and their central positions 
are moved outwardly in the radial direction of the circle 
formed about the center of the optical axis AX to arrive 
at positions indicated by reference numerals 49a to 49d 
respectively. 

[01 1 3] When the focal length of the zoom lens 7 is in- 
creased from the minimum value to a predetermined 
value, the respective surface light sources 48a to 48d 
are enlarged while maintaining the circular configuration 
as shown in Fig. 18, and their central positions are 
moved outwardly in the radial direction of the circle 
formed about the center of the optical axis AX to arrive 
at positions Indicated by reference numerals 50a to 50d 
respectively. Accordingly, in the firstmodification of the 
second embodiment, the position, the shape, and the 
size of each of the surface light sources can be freely 
changed in the annular area formed about the center of 
the optical axis AX by using the four types of the diffract- 
ing optical elements forthe quadrupole illumination hav- 
ing the different characteristics in combination. 
[0114] In Figs. 1 7 and 18, the respective surface light 
sources 48a to 48d are arranged so that they make con- 
tact with each other. However, it is also possible to ar- 
range the respective surface light sources 48a to 48d 
so that they are separated from each other by spacing 
distances. In any case, the position, the shape, and the 
size of each of the surface light sources can be appro- 
priately changed into those in a desired state in the cir- 
cular annular area formed about the center of the optical 
axis AX owing to the function of the conical axicon 14, 
the first V-shaped axicon 15, the second V-shaped axi- 
con 1 6, and the zoom lens 7. 

[0115] Further, a second modification of the second 
embodiment is provided with two types of diffracting op- 
tical elements having different characteristics as the dif- 
fracting optical element 11a forthe quadrupole illumina- 
tion. Fig. 19 illustrates the respective surface light sourc- 
es, the movement thereof, and the deformation thereof, 



the respective surface light sources being formed by the 
aid of the two types of the diffracting optical elements 
forthe quadrupole illumination having the different char- 
acteristics in the second modification of the second em- 

5 bodiment. Also in Fig. 19. the attention is paid to one 
surface light source 51 of the four circular surface light 
sources for constructing the smallest quadrupole sec- 
ondary light source fonned in the standard state, in the 
same manner as in Figs 15 to 18. 

10 [0116] In the second modification of the second em- 
bodiment, the first diffracting optical clement for the 
quadrupole illumination is used to form the quadrupole 
secondary light source in which the quadrangle formed 
by connecting the central points of the four surface light 

15 sources is a rectangle which is slender in the X direction. 
One surface light source 51a (corresponding to 46a in 
Fig. 1 6) of the four circular surface light sources for con- 
structing the quadrupole secondary light source formed 
by the first diffracting optical element for the quadrupole 

20 illumination is movable within the rectangular range in- 
dicated by reference numeral 52a in accordance with 
the action of the first V-shaped axicon 1 5 and the second 
V-shaped axicon 16. 

[0117] On the other hand, the second diffracting opti- 
cs cal element for the quadrupole illumination is used to 
form the quadrupole secondary light source in which the 
quadrangle formed by connecting the central points of 
the four surface light sources is a rectangle which is 
slender in the Z direction. One surface light source 51 b 
30 (corresponding to 46b in Fig. 1 6) of the four circular sur- 
face light sources for constructing the quadrupole sec- 
ondary light source formed by the second diffracting op- 
tical element for the quadrupole illumination is movable 
within the rectangular range indicated by reference nu- 
35 meral 52b in accordance with the action of the first V- 
shaped axicon 15 and the second V-shaped axicon 16. 
[0118] Further, when the first diffracting optical ele- 
ment for the quadrupole illumination and the second V- 
shaped axicon 1 6 are used in combination, or when the 
40 second diffracting optical clement for the quadrupole il- 
lumination and the first V-shaped axicon 15 are used in 
combination, then the surface light source 51c is formed 
at an intermediate position between the initial surface 
light sources 51a, 51b. In this case, when the magnifi- 
es cation-varying function of the zoom lens 7 is effected for 
the surface light source 51c, then the surface light 
source 51c is enlarged while maintaining the circular 
configuration thereof, and the central position is moved 
outwardly in the radial direction of the circle formed 
50 about the center of the optical axis AX to arrive at the 
position indicated by reference numeral 51 d. 
[0119] Although not shown in the drawing, when the 
conical axicon 14 is allowed to act on the surface light 
source 51c, then the circular configuration of the surface 
55 light source 51c is changed to an enlarged elliptic con- 
figuration, and the central position is moved outwardly 
in the radial direction of the circle formed about the cent- 
er of the optical axis AX. Accordingly, in the second mod- 



18 



BNSDOCiD: <EP 1 2 1 1 56 1 A2_l_> 



35 



EP 1 21 1 561 A2 



36 



ification of the second embodiment, the position of each 
of the surface light sources can be freely moved in the 
circular annular area formed about the center of the op- 
tical axis AX by using the two types of the diffracting op- 
tical elements for the quadrupole illumination having the 
different characteristics. In general, the position, the 
shape, and the size of each of the surface light sources 
can be appropriately changed into those in a desired 
state in the circular annular area formed about the cent- 
er of the optical axis AX in accordance with the action 
of the conical axicon 14, the first V-shaped axicon 15, 
the second V-shaped axicon 16, and the zoom lens 7. 
[0120] Next, brief explanation will be made for the an- 
nular illumination obtained by setting the diffracting op- 
tical element 11b for the annular illumination in the illu- 
mination optical path in place of the diffracting optical 
element 1 1 a for the quadrupole illumination. In this case, 
the substantially parallel light beam, which comes into 
the diffracting optical element 11b, forms an annular 
light intensity distribution on the pupil plane of the afocal 
lens 12, and then it forms a substantially parallel light 
beam which outgoes from the afocal lens 12. The light 
beam, which has passed through the afocal lens 12, is 
transmitted through the zoom lens 7 to form an annular 
illumination field formed about the center of the optical 
axis AX on the light-incoming surface of the micro fly's 
eye 8a. As a result, the secondary light source, which 
has substantially the same light intensity distribution as 
that of the illumination field formed by the incoming light 
beam, i.e., the annular secondary light source formed 
about the center of the optical axis AX is formed on the 
rear side focal plane of the micro fly's eye 8a. 
[01 21 ] Fig. 20 illustrates the function of the conical ax- 
icon for the secondary light source formed by the annu- 
lar illumination in the second embodiment. In the annu- 
lar illumination in the second embodiment, the smallest 
annular secondary light source 60a, which is formed in 
the standard state, is changed to the annular secondary 
light source 60b in which both of the outer diameter and 
the inner diameter arc enlarged without changing the 
width (1/2 of the difference between the outer diameter 
and the inner diameter as indicated by arrows in the 
drawing) by increasing the spacing distance of the con- 
ical axicon 14 from zero to a predetermined value. In 
other words, both of the annular ratio and the size (outer 
diameter) of the annular secondary light source are 
changed without changing the width in accordance with 
the action of the conical axicon 14. 
[01 22] Fig. 21 illustrates the function of the zoom lens 
for the secondary light source formed in the annular il- 
lumination in the second embodiment. In the annular il- 
lumination in the second embodiment, the annular sec- 
ondary light source 60a, which is formed in the standard 
state, is changed to the annular secondary light source 
60c in which the entire shape is similarly enlarged, by 
increasing the focal length of the zoom lens 7 from the 
minimum value to a predetermined value. In other 
words, both of the width and the size (outer diameter) 



of the annular secondary light source are changed with- 
out changing the annular ratio in accordance with the 
action of the zoom lens 7. 

[0123] Fig. 22 illustrates the function of the first V- 

5 shaped axicon and the second V-shaped axicon tor the 
secondary light source formed in the annular illumina- 
tion in the second embodiment. As described above, 
when the spacing distance of the first V-shaped axicon 
1 5 is changed, then the angle of incidence of the incom- 

10 ing light beam into the predetermined plane 13 in the 2 
direction is not changed, but the angle of incidence of 
the incoming light beam into the predetermined plane 
13 in the X direction is changed. As a result, as shown 
in Fig. 22A, the respective four quarter-circular surface 

15 light sources 61 to 64. which constitute the annular sec- 
ondary light source 60a, are not moved in the Z direc- 
tion, but they are moved in the X direction. That is, when 
the spacing distance of the first V-shaped axicon 15 is 
increased from zero to a predetermined value, then the 

20 surface light sources 61 , 63 are moved in the -X direc- 
tion, and the s'urface light sources 62, 64 are moved in 
the +X direction. 

[0124] On the other hand, when the spacing distance 
of the second V-shaped axicon 1 6 is changed, then the 

25 angle of incidence of the incoming-light beam into the 
predetermined plane 13 in the X direction is not 
changed, but the angle of incidence of the incoming-light 
beam into the predetermined plane 13 in the Z direction 
is changed. As a result, as shown in Fig. 22B, the re- 

30 spective surface light sources 61 to 64 are not moved 
in the X direction, but they are moved in the Z direction. 
That is, when the spacing distance of the second V- 
shaped axicon 1 6 is increased from zero to a predeter- 
mined value, then the surface light sources 61 , 62 are 

35 moved in the +Z direction, and the surface light sources 
63, 64 are moved in the -Z direction. 
[0125] Further, when both of the spacing distance of 
the first V-shaped axicon 15 and the spacing distance 
of the second V-shaped axicon 1 6 are changed, both of 

40 the angle of incidence of the incoming-light beam into 
the predetermined plane 13 in the X direction and the 
angle of incidence in the Z direction are changed. As a 
result, as shown in Fig. 22C. the respective surface light 
sources 61 to 64 are moved in the Z direction and the 

45 x direction. That is, when the spacing distance of the 
first V-shaped axicon 1 5 and the spacing distance of the 
second V-shaped axicon 16 are increased from zero to 
predetermined values, then the surface light source 61 
is moved in the +Z direction and the -X direction, the 

50 surface light source 62 is moved in the +Z direction and 
the +X direction, the surface light source 63 is moved in 
the -Z direction and the -X direction, and the surface light 
source 64 is moved in the -Z direction and the +X direc- 
tion. Accordingly, it is possible to form the quadrupole 

55 secondary light source composed of the four independ- 
ent surface light sources each having the circular arc- 
shaped configuration. 

[0126] In the foregoing description, the function of 
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each of the conical axicon 14, the first V-shaped axicon 
15 : the second V-shaped axicon 16. and the zoom lens 
7 has been individually explained in the annular illumi- 
nation in the second embodiment. However, it is possi- 
ble to effect the annular illumination in a variety of forms 
in accordance wiLh the inLeraclion of these optical mem- 
bers. Specifically, when the zoom lens 7 is allowed to 
act in the state shown in Fig. 22C. for example, then the 
surface light source 62 is moved in the radial direction 
of the circle formed about the center of the optical axis 
AX : and it is changed into the surface light source 62 in 
which the entire shape is similarly changed. On the other 
hand : when the conical axicon 14 is allowed to act in the 
state shown in Fig. 22C ; for example, then the surface 
light source 64 is moved in the radial direction of the 
circle formed about the center of the optical axis AX : and 
it is changed into the surface light source 64a in which 
only the size in the circumferential direction is changed 
without changing the size in the radial direction. 
[0127] However, actually, due to the restriction of the 
optical design, there is a certain limit forthe range of the 
change of the annular ratio effected by the conical axi- 
con 14. Accordingly the second embodiment is provid- 
ed with the two types of the diffracting optical elements 
having the different characteristics as the diffracting op- 
tical element 11b forthe annular illumination. That is : in 
the second embodiment, the first diffracting optical ele- 
ment for the annular illumination is used to form the an- 
nular secondary light source having the shape which is 
appropriate to change the annular ratio, for example, 
within a range of 0.5 to 0.68. On the other hand, the 
second diffracting optical element for the annular illumi- 
nation is used to form the annular secondary light source 
having the shape which is appropriate to change the an- 
nular ratio, for example, within a range of 0.68 to 0.8. 
As a result, when the two types of the diffracting optical 
elements for the annular illumination are used in com- 
bination, it is possible to change the annular ratio within 
a range of 0.5 to 0.8. 

[01 28] With reference to Fig. 23A, it is understood that 
the curvature of the circle (indicated by a broken line in 
the drawing), which circumscribes the two-spot second- 
ary light source obtained in the right half of Fig. 22A or 
Fig. 22B, is not coincident with the curvature of the outer 
circular arc of each of the surface light sources having 
the semicircular arc-shaped configuration. Accordingly, 
in a third modification of the second embodiment, in or- 
der to allow the curvature of the circle circumscribing the 
two-spot secondary light source obtained by the action 
of the first V-shaped axicon 1 5 or the second V-shaped 
axicon 1 6 to coincide with the curvature of the outer cir- 
cular arc of each of the surface light sources having the 
semicircular arc-shaped configuration, a third diffracting 
optical element forthe annular illumination is addition- 
ally provided. As shown in Fig. 23B, the third diffracting 
optical element for the annular illumination forms an el- 
liptic annular secondary light source which is slightly flat 
in the X direction or the Z direction, without forming a 



completely annular secondary light source as defined 
by two circles formed about the center of the optical axis 
AX. 

[0129] In particular, the elliptic annular secondary 
5 light source, which is formed by the third diffracting op- 
tical element Tor the annular illumination, is constructed 
by a pair of circular arc-shaped surface light sources 
65a, 65b. The curvature of the outer circular arc of each 
of the surface light sources 65a, 65b is set to coincide 
10 with the curvature of the circle which circumscribes the 
two-spot secondary light source obtained by the action 
of the first V-shapcd axicon 15 or the second V-shaped 
axicon 1 6. Therefore, in the third modification of the sec- 
ond embodiment, the curvature of the circle, which cir- 
15 cumscribes the two-spot secondary light source, is co- 
incident with the curvature of the outer circular arc of 
each of the circular arc-shaped surface light sources 
65a, 65b in the two-spot secondary light source ob- 
tained by the action of the firsj V-shaped axicon 15 or 
the second V-shaped axicon 16. 

[0130] Further, brief explanation will be made forthe 
conventional circular illumination obtained by setting the 
diffracting optical element 11c for the circular illumina- 
tion in the illumination optical path in place of the dif- 
fracting optical element 11 a for the quadrupole illumina- 
tion or the diffracting optical element 11b forthe annular 
illumination. In this case, the substantially parallel light 
beam, which comes into the diffracting optical element 
11c, forms the circular light intensity distribution on the 
pupil plane of the afocal lens 12, and then it forms the 
substantially parallel light beam outgoing from the afocal 
lens 12. 

[0131] The light beam, which has passed through the 
afocal lens 12, forms a circular illumination field formed 
about the center of the optical axis AX on the lighl-in- 
coming surface of the micro fly's eye 8a by the aid of the 
zoom lens 7. As a result, the secondary light source, 
which has approximately the same light intensity distri- 
bution as that of the illumination field formed by the in- 
coming light beam, i.e., the circular secondary light 
source formed about the center of the optical axis AX, 
is formed on the rear side focal plane of the micro fly's 
eye 8a (i.e., on the pupil of the illumination optical sys- 
tem). 

[0132] In the circular illumination in the second em- 
bodiment, the smallest circular secondary light source 
formed in the standard state is changed into the circular 
secondary light source in which the entire shape is sim- 
ilarly enlarged by increasing the focal length of the zoom 
lens 7 from the minimum value to a predetermined val- 
ue. In other words, in the circular illumination in the sec- 
ond embodiment, the size (outer diameter) of the circu- 
lar secondary light source can be changed by changing 
the focal length of the zoom lens 7. 
[0133] Fig. 24 illustrates the function of the first V- 
shaped axicon and the second V-shaped axicon for the 
secondary light source formed in the circular illumination 
in the second embodiment. In the circular illumination in 
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the second embodiment, when the spacing distance of 
the first V-shaped axicon 15 is increased from zero to a 
predetermined value, then the surface light sources 
66a, 66c, which are included in the four quarter-circular 
surface light sources 66a to 66d for constructing the cir- 
cular secondary light source, are moved in Lhe -x direc- 
tion, and lhe surface light sources 66b, 66d are moved 
in the +X direction as shown in Fig. 24A. 
[0134] On the other hand, when the spacing distance 
of the second V-shaped axicon 1 6 is increased from ze- 
ro to a predetermined value, then the surface light sourc- 
es 66a, 66b are moved in the -i Z direction, and the sur- 
face light sources 66c, 66d are moved in the -Z direction 
as shown in Fig. 24B. Further, when both of the spacing 
distance of the first V-shaped axicon 1 5 and the spacing 
distance of the second V-shaped axicon 16 are in- 
creased from zero to predetermined values, the surface 
light source 66a is moved in the +Z direction and the -X 
direction, the surface light source 66b is moved in the 
+Z direction and the +X direction, the surface light 
source 66c is moved in the -Z direction and the -X di- 
rection, and the surface light source 66d is moved in the 
-Z direction and the +X direction as shown in Fig. 24C. 
Accordingly, it is possible to form the quadrupole sec- 
ondary light source composed of the four independent 
quarter-circular surface light sources. 
[0135] In the foregoing description, the function has 
been individually explained for each of the first V-shaped 
axicon 15, the second V-shaped axicon 16, and the 
zoom lens 7 in the circular illumination in the second em- 
bodiment. The circular illumination can be effected in a 
variety of forms in accordance with the interaction of 
these optical members. However, actually, the magnifi- 
cation-varying range of the outer diameter, which is ef- 
fected by the zoom lens 7, is limited due to the restriction 
in view of the optical design. Accordingly, the second 
embodiment is provided with the two types of the dif- 
fracting optical elements having the different character- 
istics as the diffracting optical element 11c for the circu- 
lar illumination. 

[01 36] That is, in the second embodiment, the first dif- 
fracting optical element for the circular illumination is 
used to form the circular secondary light source having 
the shape which is appropriate to change the a value 
within a range from a relatively small a value, i.e., small 
a to an intermediate a value, i.e., middle a. Further, the 
second diffracting optical element for the circular illumi- 
nation is used to form the circular secondary light source 
having the shape which is appropriate to change the a 
value within a range from the middle a to a relatively 
large a value, i.e., large a. As a result, when the two 
types of the diffracting optical elements for the circular 
illumination are used in combination, it is possible to 
change the a value within a range from the small a to 
the large o (for example, 0.1 < a < 0.95). 
[0137] The operation for switching the illumination 
condition in the second embodiment and other opera- 
tions will be specifically explained below. At first, for ex- 



ample, the information, which concerns a variety of 
masks to be successively exposed in accordance with 
the step-and-repeat system or the step-and-scan sys- 
tem, is inputted into the control system 21 by the aid of 

5 an input unit 20 such as a keyboard. The control system 
21 stores, in an internal memory section, the information 
concerning, for example, the optimum line width (reso- 
lution) and the depth of focus in relation to the various 
masks. The control system 21 supplies appropriate con- 

10 trol signals to the driving systems 24, 26 to 28 in re- 
sponse to the input from the input unit 20. 
[0138] That is, when the quadrupole illumination is 
performed with the optimum resolution and the optimum 
depth of focus, the driving system 26 positions the dif- 

15 fracting optical element 11 a for the quadrupole illumina- 
tion in the illumination optical path on the basis of the 
command from the control system 21 . In order to obtain 
the quadrupole secondary light source having a desired 
form, the driving systems 28a to 28c set the spacing dis- 

20 tances of the axicons 1 4 to 1 6 on the basis of the com- 
mands from the control system 21 . The driving system 
24 sets the focal length of the zoom lens 7 on the basis 
of the command from the control system 21 . Further, the 
driving system 27 drives the variable aperture dia- 

25 phragm of the projection optical system PL on the basis 
of the command from the control system 21 . 
[0139] Further, if necessary, the form of the quadru- 
pole secondary light source formed on the rear side fo- 
cal plane of the micro fly's eye 8a can be appropriately 

30 changed by changing the spacing distances of the axi- 
cons 14 to 16 by the aid of the driving systems 28a to 
28c and/or by changing the focal length of the zoom lens 
7 by the aid of the driving system 24. Accordingly, it is 
possible to perform the quadrupole illumination In vari- 
es ous ways by appropriately changing, for example, the 
entire size (outer diameter) and the shape (annular ra- 
tio) of the quadrupole secondary light source as well as 
the position, the shape, and the size of each of the sur- 
face light sources. 

40 [0140] When the annular illumination is performed 
with the optimum resolution and the optimum depth of 
focus, the driving system 26 positions the diffracting op- 
tical element 11b for the annular illumination in the illu- 
mination optical path on the basis of the command from 

45 the control system 21 . In orderto obtain the annular sec- 
ondary light source having a desired form, or in order to 
obtain the quadrupole secondary light source or the two- 
spot secondary light source derivatively obtained from 
the annular secondary light source, the driving systems 

so 28a to 28c set the spacing distances of the axicons 14 
to 16 on the basis of the commands from the control 
system 21 . The driving system 24 sets the focal length 
of the zoom lens 7 on the basis of the command from 
the control system 21. Further, the driving system 27 

55 drives the variable aperture diaph ragm of the projection 
optical system PL on the basis of the command from the 
control system 21 . 

[0141] Further, if necessary, the form of the annular 
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secondary light source formed on the rear side focal 
plane of the micro fly's eye 8a or the form of the quad- 
ruple secondary light source orthe two-spot secondary 
light source derivatively obtained can be appropriately 
changed by changing the spacing distances of the axi- 
cons 14 lo 16 by Ihe aid or the driving systems 28a lo 
28c and/or by changing the focal length of Ihe zoom lens 
7 by the aid of the driving system 24. Accordingly, it is 
possible to perform the annular illumination in various 
ways by appropriately changing ; for example, the entire 
size (outer diameter) and the shape (annular ratio) of 
the annular secondary light source as well as the posi- 
tion, the shape, and the size of each of the surface light 
sources derivatively obtained. 

[0142] When the conventional circular illumination is 
performed with the optimum resolution and the optimum 
depth of focus, the driving system 26 positions the dif- 
fracting optical element 11c for the circular illumination 
in the illumination optical path on the basis of the com- 
mand from the control system 21 . In order to obtain the 
circular secondary light source having a desired form, 
or in order to obtain the quadrupole secondary light 
source or the two-spot secondary light source deriva- 
tively obtained from the circular secondary light source, 
the driving systems 28a to 28c set the spacing distances 
of the axicons 14 to 16 on the basis of the commands 
from the control system 21 . The driving system 24 sets 
the focal length of the zoom lens 7 on the basis of the 
command from the control system 21 . Further the driv- 
ing system 27 drives the variable aperture diaphragm of 
the projection optical system PL on the basis of the com- 
mand from the control system 21 . 
[01 43] Further if necessary, the form of the circular 
secondary light source formed on the rear side focal 
plane of the micro riy's eye 8a or the form of the quad- 
rupole secondary light source orthe two-spot secondary 
light source derivatively obtained can be appropriately 
changed by changing the spacing distances of the axi- 
cons 14 to 16 by the aid of the driving systems 28a to 
28c and/or by changing the focal length of the zoom Ions 
7 by the aid of the driving system 24. Accordingly, it is 
possible to perform the circular illumination in various 
ways by appropriately changing, for example, the entire 
size (consequently the a value) of the circular secondary 
light source as well as the position, the shape, and the 
size of each of the surface light sources derivatively ob- 
tained. 

[0144] In the second embodiment, the conical axicon 
14, the first V-shaped axicon 15, and the second V- 
shaped axicon 16 are arranged in this order from the 
side of the light source. However, the order of arrange- 
ment may be appropriately changed. As for each of the 
axicons 1 4 to 1 6, the first prism member having the con- 
cave refraction plane and the second prism member 
having the convex refraction plane are arranged in this 
order from the side of the light source. However, the or- 
der of arrangement may be inverted. 
[0145] In the second embodiment, each of the axi- 



cons 14 to 16 is constructed by the pair of prism mem- 
bers. However, there is no limitation thereto. For exam- 
ple, the second prism member 1 4b of the conical axicon 

1 4 and the first prism member 1 5a of the first V-shaped 
5 axicon 15 may be integrated into one unit, and/or the 

second prism member 15b of the first V-shaped axicon 

15 and the firsL prism member 16a of the second V- 
shaped axicon 16 may be integrated into one unit. In 
this arrangement, the spacing distance of each of the 

10 axicons 14 to 16 can be changed independently from 
each other by moving, along the optical axis AX, at least 
three members of the first prism member 14a of the con- 
ical axicon 14, the integrated two prisms, and the sec- 
ond prism member 16b of the second V-shaped axicon 

15 16. 

[0146] Fig. 25 schematically shows an arrangement 
of an exposure apparatus provided with an illumination 
optical apparatus according to a third embodiment of the 
present invention. Fig. 26 srpws a perspective view 

20 schematically illustrating an arrangement of a pair of V- 
shaped axicons arranged in an optical path of an afocal 
lens in the third embodiment. The third embodiment is 
constructed similarly to the second embodiment. How- 
ever in the second embodiment, the conical axicon and 

25 the pair of V-shaped axicons are arranged in the optical 
path of the afocal lens 12. On the contrary, the third em- 
bodiment is basically different from the second embod- 
iment in that only the pair of V-shaped axicons are ar- 
ranged. The third embodiment will be explained below 

30 while paying the attention to the difference from the sec- 
ond embodiment. 

[0147] In the quadrupole illumination in the third em- 
bodiment, the conical axicon is not arranged. Therefore, 
the circular configuration of each of the surface light 

35 sources for constructing Ihe quadrupole secondary light 
source car.iot be changed into the elliptic configuration. 
However, the position of each of the surface light sourc- 
es can be appropriately changed in a circular annular 
area formed about the center of the optical axis AX by 

40 selectively using a plurality of diffracting optical ele- 
ments 11a for the quadrupole illumination and utilizing 
the function of the first V-shaped axicon 1 5 and the sec- 
ond v-shaped axicon 16. Further, the position and the 
size of each of the surface light sources can be appro- 

45 priately changed in a circular annular area formed about 
the center of the optical axis AX by utilizing the magni- 
fication-varying function of the zoom lens 7 in an auxil- 
iary manner. 

[0148] On the other hand, in the annular illumination 
50 jn the third embodiment, the annular ratio of the annular 
secondary light source cannot be changed continuous- 
ly, because no conical axicon is arranged. However, it 
is possible to appropriately change the entire size and 
the shape (annular ratio) of the annular secondary light 
55 source or the position, the shape, and the size of each 
of the surface light sources for constructing the two-spot 
secondary light source or the quadrupole secondary 
light source derivatively obtained from the annular sec- 
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ondary light source, by selectively using a plurality of 
diffracting optical elements 11b for the annular illumina- 
tion and utilizing the function of the first V-shaped axicon 
15, the second V-shaped axicon 16, and the zoom lens 
7. 

[0149] In the circular illumination, the function of the 
conical axicon is not used progressively. Therefore, also 
in the circular illumination in the third embodiment, it is 
possible to appropriately change the entire size of the 
circular secondary light source, or the position, the 
shape, and the size of each of the surface light sources 
for constructing the two-spot secondary light source or 
the quadrupole secondary light source derivatively ob- 
tained from the circular secondary light source, in the 
same manner as in the second embodiment. 
[0150] Fig. 27 schematically shows an arrangement 
of an exposure apparatus provided with an illumination 
optical apparatus according to a fourth embodiment of 
the present invention. Fig. 28 shows a perspective view 
schematically illustrating a conical axicon and a first V- 
shaped axicon arranged in an optical path of an afocal 
lens in the fourth embodiment. The fourth embodiment 
is constructed similarly to the second embodiment. 
However, in the second embodiment, the conical axicon 
and the pair of V-shaped axicons are arranged in the 
optical path of the afocaf lens 12. On the contrary, the 
fourth embodiment is basically different from the second 
embodiment in that only the conical axicon and the first 
V-shaped axicon are arranged. The fourth embodiment 
will be explained below while paying the attention to the 
difference from the second embodiment. In Figs. 27 and 
28, the first V-shaped axicon 15 is shown as one V- 
shaped axicon. However, one V-shaped axicon may be 
the second V-shaped axicon 16. 

[01 51 ] In the quadrupole illumination in the fourth em- 
bodiment, only one V-shaped axicon (15 or 16) is ar- 
ranged. Therefore, it is impossible to two-dimensionally 
change only the position while maintaining the shape 
and the size of each of the circular surface light sources 
for constructing the quadrupole secondary light source. 
However, the position, the shape, and the size of each 
of the surface light sources can be appropriately 
changed in a circular annular area formed about the 
center of the optical axis AX by selectively using a plu- 
rality of diffracting optical elements 11a for the quadru- 
pole illumination and utilizing the function of the conical 
axicon 14 ; the one V-shaped axicon (15 or 16), and the 
zoom lens 7. 

[0152] On the other hand, in the annular illumination 
in the fourth embodiment, it is impossible to obtain the 
quadrupole secondary light source derivatively from the 
annular secondary light source, because only the one 
V-shaped axicon (15 or 16) is arranged. However, it is 
possible to appropriately change the entire size and the 
shape (annular ratio) of the annular secondary light 
source or the position, the shape, and the size of each 
of the surface light sources for constructing the two-spot 
secondary light source derivatively obtained from the 



annular secondary light source, by selectively using a 
plurality of diffracting optical elements 11 b for the annu- 
lar illumination and utilizing the function of the conical 
axicon 14, the one V-shaped axicon (15 or 16), and the 
5 zoom lens 7. 

[0153] Further, in the circular illumination in the fourth 
embodimenL il is impossible to obtain the quadrupole 
secondary lightsource derivatively from the circular sec- 
ondary light source, because only one V-shaped axicon 
10 (1 5 or 1 6) is arranged. However, it is possible to appro- 
priately change the entire size of the circular secondary 
light source, or the position, the shape, and the size of 
each of the surface light sources for constructing the 
two-spot secondary light source derivatively obtained 
15 from the circular secondary light source, by selectively 
using the plurality of diffracting optical elements 11c for 
the circular illumination and utilizing the function of the 
conical axicon 14, the one V-shaped axicon (15 or 16), 
and the zoom lens 7. 
20 [0154] Fig. 29 schematically shows an arrangement 
of an exposure apparatus provided with an illumination 
optical apparatus according to a fifth embodiment of the 
present invention. The fifth embodiment is constructed 
similarly to the second embodiment. However, the fifth 
25 embodiment is basically different from the second em- 
bodiment in that an internal reflection type optical inte- 
grator (rod type integrator 70) is used in place of the 
wave front dividing type optical integrator (micro fly's 
eye 8a). The fifth embodiment will be explained below 
30 while paying the attention to the difference from the sec- 
ond embodiment. 

[0155] In the fifth embodiment, a zoom lens 71 , a sec- 
ond diffracting optical element (or a micro fly's eye) 72, 
and an input lens 73 are arranged in this order from the 
35 side of the light source in the optical path between Ihe 
diffracting optical element 11 and the rod type integrator 
70 corresponding to the fact that the rod type integrator 
70 is arranged in place of the micro fly's eye 8a. Further, 
a mask blind 17, which serves as the illumination field 
40 stop, is arranged in the vicinity of the light-outgoing 
plane of the rod type integrator 70. 
[0156] In this case, the zoom lens 71 is arranged so 
that the front side focus position is substantially coinci- 
dent with the position of the diffracting optical element 
45 11 1 and the rear side focus position is substantially co- 
incident with the position of the second diffracting optical 
element 72. The focal length of the zoom lens 71 is 
changed by the aid of a driving system 29 which is op- 
erated on the basis of a command from a control system 
50 21 . The input lens 73 is arranged so that the front side 
focus position is substantially coincident with the posi- 
tion of the second diffracting optical element 72, and the 
rear side focus position is substantially coincident with 
the position of the light-incoming surface of the rod type 
55 integrator 70. 

[0157] The rod type integrator 70 is a glass rod of the 
internal reflection type composed of a glass material 
such as silica glass or fluorite. The rod type integrator 
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70 forms light source images of a number corresponding 
to a number of times of internal reflection along the plane 
which passes through the light-collecting point and 
which is parallel to the rod light-incoming surface, by uti- 
lizing the total reflection at the boundary plane between 
the inside and Ihe outside., i e.. al the inlernal surface. 
In this case, almost all of the formed light source images 
are virtual images. However, only the light source image 
at the center (light-collecting point) is a real image. That 
is. the light beam, which comes into the rod type inte- 
grator 70, is divided in the angular direction by means 
of the internal reflection to form the secondary light 
source composed of a large number of light source im- 
ages along the plane which passes through the light- 
collecting point and which is parallel to the light-incom- 
ing surface. 

[0158] Therefore, in the quadrupole illumination (an- 
nular illumination or circular illumination) in the fifth em- 
bodiment, the light beam, which has passed through the 
diffracting optical element 11a (11b or 11 c) selectively 
installed in the illumination optical path, forms the four- 
spot (annular or circular) illumination field on the second 
diffracting optical element 72 via the zoom lens 71 . The 
light beam, which has passed through the second dif- 
fracting optical element 72, is collected in the vicinity of 
the light-incoming surface of the rod type integrator 70 
via the input lens 73. Fig. 30 illustrates the function of 
the second diffracting optical element in the fifth embod- 
iment. 

[0159] As shown in Fig. 30A, if the second diffracting 
optical element 72 is not arranged, the light beam, which 
has passed through the zoom lens 71 and the input lens 
73, is collected at substantially one point on the light- 
incoming surface 70a of the rod type integrator 70. As 
a result, the large number of light sources, which are 
formed by the rod type integrator 70 on the light-outgo- 
ing side, are extremely dissipated (the filling ratio of 
each light source with respect to the entire secondary 
light source is small). It is impossible to obtain any sub- 
stantial surface light source. 

[0160] Accordingly, in the fifth embodiment, the sec- 
ond diffracting optical element 72, which serves as a 
light beam-diverging element, is arranged in the vicinity 
of the front side focus position of the input lens 73. Ac- 
cordingly, as shown in Fig. 30B, the light beam, which 
is diverged by the aid of the second diffracting optical 
element 72, is collected with a predetermined spread on 
the light-incoming surface 70a of the rod type integrator 
70 via the input lens 73. As a result, the large number 
of light sources, which are formed on the light-incoming 
side by the rod type integrator 70, are extremely dense 
and solid (the filling ratio of each light source with re- 
spect to the entire secondary light source is large). It is 
possible to obtain the secondary light source as the sub- 
stantial surface light source. 

[0161] The light beams, which come from the four- 
spot (annular or circular) secondary light sources 
formed on the light-incoming side by the rod type inte- 



grator 70. are superimposed on the light-outgoing plane 
to subsequently illuminate the mask M formed with a 
predetermined pattern, via the mask blind 17 and the 
image-forming optical system 18. In the fifth embodi- 

5 ment. the conical axicon 14, the first V-shaped axicon 
15, and the second V-shaped axicon 1 6 are arranged in 
this order from the side of the hghl source in the optical 
path between the front side lens group 71 a and the rear 
side lens group 71b of the zoom lens 71 . 

10 [0162] Therefore, also in the quadrupole illumination 
in the fifth embodiment, the position, the shape, and the 
size of each of the surface light sources for constructing 
the annular secondary light source can be appropriately 
changed in a circular annular area formed about the 

15 center of the optical axis AX. by selectively using the 
plurality of diffracting optical elements 11 a for the quad- 
rupole illumination and utilizing the function of the con- 
ical axicon 14, the first V-shaped axicon 15. the second 
V-shaped axicon 16, and the zoom lens 71 , in the same 

20 manner as in the second embodiment. 

[0163] Also in the annular illumination in the fifth em- 
bodiment, it is possible to appropriately change the en- 
tire size and the shape (annular ratio) of the annular sec- 
ondary light source or the position, the shape, and the 

25 size of each of the surface light sources for constructing 
the two-spot secondary light source or the quadrupole 
secondary light source derivatively obtained from the 
annular secondary light source, by selectively using the 
plurality of diffracting optical elements 11b for the annu- 

30 lar illumination and utilizing the function of the conical 
axicon 14, the first V-shaped axicon 15 : the second V- 
shaped axicon 16, and the zoom lens 7, in the same 
manner as in the second embodiment. 
[0164] Also in the circular illumination in the fifth em- 

35 bodimenL il is possible lo appropriately change Lhe en- 
tire size of the circular secondary light source, or the 
position, the shape, and the size of each of the surface 
light sources for constructing the two-spot secondary 
light source or the quadrupole secondary light source 

40 derivatively obtained from the circular secondary light 
source, by selectively using the plurality of diffracting op- 
tical elements 11c for the circular illumination and utiliz- 
ing the function of the conical axicon 14, the first V- 
shaped axicon 1 5, the second V-shaped axicon 16, and 

45 the zoom lens 7, in the same manner as in the second 
embodiment. 

[0165] As described above, also in the second to fifth 
embodiments, the entire size and the shape of the sec- 
ondary light source are changed in the X direction or the 

50 z direction by changing the spacing distance of the V- 
shaped axicon 15 or 1 6. As a result, it is possible to re- 
alize the mutually different illumination conditions in the 
orthogonal two directions (X direction and Y direction) 
on the mask M. Consequently, it is possible to set the 

55 optimum illumination condition in the orthogonal two di- 
rections on the mask M in which the pattern has orien- 
tation. 

[0166] Among the second to fifth embodiments de- 
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scribed above, the third embodiment which is provided 
with only the pair of V-shaped axicons 1 5, 1 6 as the var- 
ying mechanism, is used especially preferably for the 
lithography step for the memory (for example, DRAM). 
The fourth embodiment, which is provided with only the 
conical axicon 14 and one V-shaped axicon (15 or 16) 
as the varying mechanism, is used especially preferably 
forthe lithography step forthe logic device (for example, 
MPU). The second embodiment and the fifth embodi- 
ment, each of which is provided with the conical axicon 
14 and the pair of V-shapcd axicons 15, 16, arc used 
preferably forthe lithography stop forthe general micro- 
device including the semiconductor device. 
[0167] In the fifth embodiment described above (see 
Fig. 29), the example has been explained, in which the 
optical integrator arranged on the mask side of the axi- 
con system (14. 15, 16) is the internal reflection type 
optical integrator (rod type optical integrator) 70. How- 
ever, it is needless to say that the fly's eye lens 8 or the 
micro fly's eye 8a as the optical integrator described 
above can be also replaced with the internal reflection 
type optical integrator (rod type optical integrator) 70. 
[0168] In the second embodiment, the third embodi- 
ment, and the fifth embodiment described above (see 
Figs. 10, 25, and 29), the example has been illustrated, 
in which the direction of the V-groove of the first V- 
shaped axicon 15 is in the Z direction (0° direction), and 
the direction of the V-groove of the second V-shaped 
axicon 1 6 is the X direction (90° direction). However, the 
present invention is not limited to this arrangement. For 
example, the direction of the V-groove of the first V- 
shaped axicon 15 may be a direction (45° direction) ob- 
tained by making clockwise rotation by 45° about the 
center of the optical axis, and the direction of the V- 
groove or the second V-shaped axicon 1 6 may be a di- 
rection (135° direction) obtained by making clockwise 
rotation by 45° about the center of the optical axis. Ac- 
cordingly, the shadow of the groove incoming into the 
micro fly's eye 8a is inclined, and it is possible to expect 
such an effect that the uneven illuminance can be re- 
duced. Further, the angle (angle of intersection), which 
is formed by the direction of the V-groove of the first V- 
shaped axicon 15 and the direction of the V-groove of 
the second V-shaped axicon 16, can be arbitrarily 
changed depending on a desired illumination condition. 
In order to change the angle of intersection between the 
grooves of the two V-shaped axicons as described 
above, the control system 21 may drive at least one of 
the driving system 28b and the driving system 28c on 
the basis of the input information inputted by the aid of 
the input unit 20 to relatively rotate the first V-shaped 
axicon 1 5 and the second V-shaped axicon 1 6 about the 
center of the optical axis. 

[0169] The fourth embodiment (see Fig. 27) de- 
scribed above is illustrative of the case in which the di- 
rection of the V-groove of the V-shaped axicon 1 5 is the 
Z direction (0° orientation). However, the present inven- 
tion is not limited to this arrangement. For example, the 



direction of the V-groove of the V-shaped axicon 1 5 may 
be, for example, the direction obtained by making rota- 
tion about 45° (45° orientation) about the center of the 
optical axis, the direction obtained by making rotation 

5 about 90° (90° orientation), and the direction obtained 
by making rolaLion about 135° (135° orientation). That 
is, the direction of Lhe V-groove of the V-shaped axicon 
15 can be arbitrarily changed depending on a desired 
illumination condition. As described above, in order to 

10 change the direction of the groove of the V-shaped ax- 
icon, the control system 21 may drive the driving system 
28b on the basis of the input information inputted by the 
input unit 20 to rotate the V-shaped axicon 15 by a pre- 
determined amount of rotation about the center of the 

15 optical axis. 

[0170] In the respective embodiments described 
above, it is preferable that the variable range of the cr 
value is from 0.1 to 0.95 (0.1 < a < 0.95) by using the 
diffracting optical element (11 a, 31b, 11 c) and the zoom 

20 lens 7 (magnification-varying optical system) for varying 
the o value in combination. However, continuous varia- 
tion may be made for the range of the a value of 0.1 to 
0.95 required forthe apparatus provided that the restric- 
tion is abolished, for example, forthe number of lenses 

25 for constructing the zoom lens 7 (magnification-varying 
optical system) for varying the a value and the space 
therefor. 

[0171 ] In the annular illumination in the firstto fifth em- 
bodiments described above, it is desirable for the annu- 
30 lar light beam formed on the pupil of the illumination op- 
tical system (pupil of the projection optical system) that 
the annular ratio is varied within a range of the a value 
of 0.4 to 0.95 (0.4 < a < 0.95). Further, in the multiple- 
spot illumination represented by the two-spot illumina- 
35 Hon and lhe quadrupole illumination in the first to fifth 
embodiments described above, it is desirable for the 
multiple-spot light beam formed on the pupil of the illu- 
mination optical system (pupil of the projection optical 
system) that the position and the size are variable within 
40 a range of the a value of 0.4 to 0.95 (0.4 < o < 0.95). 
[0172] Further, in the first to fifth embodiments de- 
scribed above, in order to measure the aberration which 
remains in the projection optical system PL or the aber- 
ration (for example, the wave front aberration) which is 
45 changed in a time-dependent manner, for example, a 
mask for measuring the aberration (reticle for measuring 
the aberration), which is disclosed, for example, in Unit- 
ed States Patent No. 5,828,455 or United States Patent 
No. 5,978,085, is placed on an unillustrated mask stage 
so MS for holding the mask (reticle) M, and the mask for 
measuring the aberration is appropriately illuminated. 
The content of United States Patent No. 5,828,455 and 
United States Patent No. 5,978,085 is incorporated 
herein be reference. Thus, the aberration of the projec- 
ts tion optical system PL (for example, the wave front ab- 
erration) can be measured highly accurately. As a result 
of the progressive studies from various viewpoints on 
the illumination condition under which the aberration of 
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the projection optical system PL (for example : the wave 
front aberration) can be measured highly accurately, it 
has been revealed that the o value of the illumination 
optical system is preferably set to be any one included 
in a range of 0.01 < a < 0.3. In order to measure the 
aberration of Lhe projection optical system PL (for ex- 
ample, the wave Tront aberration) further highly accu- 
rately, the a value of the illumination optical system is 
more preferably set to be any one included in a range 
of 0.02 < o < 0.2. In order to set the illumination condition 
so that the a value of the illumination optical system is 
in the range of 0.01 < a < 0.3 or the range of 0.02 < o < 
0.2. a diffracting optical element for the measurement 
for setting the locally minimum o value may be set in 
place of the diffracting optical element (11a. 11 b : 11c) 
for constructing the part of the illumination condition-set- 
ting mechanism (4a, 4b , 5 : 7. 10 : 11 a to 11c : 12 : 14 to 
16, 71, 71a) in the respective embodiments described 
above. If any aberration occurs in the projection optical 
system PL in any one of the first to fifth embodiments 
described above, the deterioration of the optical char- 
acteristic represented by the aberration of the projection 
optical system PL can be corrected by inputting the 
measured aberration information into the input unit 20. 
and allowing the control system 21 to move (move in the 
optical axis direction of the projection optical system PL, 
move in the direction perpendicular to the optical axis, 
incline with respect to the optical axis ; and/or rotate 
about the optical axis) at least one optical element (for 
example, the lens or the mirror) for constructing the pro- 
jection optical system PL, for example, by the aid of the 
unillustrated driving system on the basis of the aberra- 
tion information inputted by the input unit 20. 
[0173] When the operator operates the apparatus il- 
lustrated in any one of the first to fifth embodiment de- 
scribed above, the operator may change the illumination 
condition for the illumination optical system depending 
on a type of mask to be used. For example, the illumi- 
nation condition may be changed by selecting at least 
one of the following settings i)-iv): 

i) including a step of converting the illumination light 
beam into one having an annular configuration on 
the pupil of the illumination optical system, a step 
of displacing the illumination light beam symmetri- 
cally with respect to the optical axis in a first direc- 
tion which is perpendicular to the optical axis of the 
illumination optical system, and a step of displacing 
the illumination light beam symmetrically with re- 
spect to the optical axis in a second direction which 
is perpendicular to the optical axis and which inter- 
sects the first direction; 

ii) including a step of displacing the illumination light 
beam symmetrically with respect to the optical axis 
in the first direction which is perpendicularto the op- 
tical axis of the illumination optical system, a step 
of displacing the illumination light beam symmetri- 
cally with respect to the optical axis in the second 



direction which is perpendicular to the optical axis 
and which intersects the first direction, and a step 
of changing a size of the illumination light beam; 

iii) including a step of converting the illumination 
5 light beam into one having an annular configuration 

having a desired annular ratio on the pupil of the 
illumination optical system, and a step of changing 
a size of the illumination light beam; 

iv) including a step of displacing the illumination 
10 light beam symmetrically with respect to the optical 

axis of the illumination optical system in a predeter- 
mined direction which is perpendicularto the optical 
axis, and a step of changing the size of the illumi- 
nation light beam: and 
15 v) including an annular ratio-varying step of convert- 
ing the illumination light beam into one having an 
annular configuration having a desired annular ratio 
on the pupii of the illumination optical system, a step 
of displacing the illumination light beam symmetri- 
se cally with respect to the optical axis of the illumina- 
tion optical system in the first direction which is per- 
pendicular to the optical axis, and a step of displac- 
ing the illumination light beam symmetrically with 
respect to the optical axis in the second direction 
25 which is perpendicular to the optical axis and which 
intersects the first direction. 

[0174] For example, the operator may change the il- 
lumination condition by selecting at least one setting 

30 from one group consisting of the settings i) and ii). The 
operator may change the illumination condition by se- 
lecting at least one setting from another group consist- 
ing of the settings iii) and iv). The operator may further 
change the illumination condition by selecting at least 

35 one setting from another group of the settings ii), iii) and 
v). Needless to say, the order of the steps is not limited 
to that indicated in the respective settings i)-v), the steps 
may be performed in any order. 

[0175] The apparatus illustrated in any one of the first 

40 to fifth embodiment described above may be a scanning 
type exposure apparatus. In this case, the illumination 
optical system forms a slit-shaped (oblong configuration 
having a length of the transverse direction and a length 
of the longitudinal direction) illumination area (illumina- 

45 tion area having a length in the scanning direction orthe 
direction of the plane of paper in Figs. 1,10, 25, 27, and 
29) on the mask M. A slit-shaped exposure area is 
formed on the wafer W. An image of the pattern on the 
mask M is formed on the wafer W via the projection op- 

50 tical system PL by moving the mask held on an unillus- 
trated mask state MS and the wafer (substrate) held on 
an unillustrated wafer stage (substrate stage) WS in op- 
posite directions along with the scanning direction (di- 
rection of the plane of paper in Figs. 1,10, 25, 27, and 

55 29). In this case, the unillustrated mask stage MS and 
the unillustrated wafer stage (substrate stage) WS are 
controlled by the control system 21 by the aid of the driv- 
ing apparatus for driving each of the unillustrated stag- 
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es. 

[0176] In the apparatus illustrated in each of the em- 
bodiments described above, it is preferable that the 
cross-sectional configuration of each of the large 
number of optical elements (lens elements) for con- 
structing Lhe micro fly's eye (microarray-shaped oplical 
element) 8a and the fly's eye lens (array-shaped optical 
element) 8 as the optical integrator is similar to the slit- 
shaped (oblong configuration having a length of the 
transverse direction and a length of the longitudinal di- 
rection) illumination area formed on the mask M and the 
slit-shapod (oblong configuration having a length of the 
transverse direction and a length of the longitudinal di- 
rection) exposure area formed on the wafer W. 
[0177] As illustrated in the respective embodiments 
described above, in the case of the scanning type ex- 
posure apparatus in which the micro fly's eye (microar- 
ray-shaped optical element) 8a and/or the fly's eye lens 
(array-shaped optical element) 8 as the optical integra- 
tor is replaced with the internal reflection type optical 
integrator (rod-type optical integrator), and in the case 
of the scanning type exposure apparatus in which the 
optical integrator is the internal reflection type optical in- 
tegrator (rod-type optical integrator) as in the fifth em- 
bodiment, it is preferable that the cross-sectional con- 
figuration of the internal reflection type optical integrator 
(rod-type optical integrator) is similar to the slit-shaped 
(oblong configuration having a length of the transverse 
direction and a length of the longitudinal direction) illu- 
mination area formed on the mask M and the slit-shaped 
(oblong configuration having a length of the transverse 
direction and a length of the longitudinal direction) ex- 
posure area formed on the wafer W. 
[0178] When the apparatus illustrated in each of the 
embodiments described above is the scanning type ex- 
posure apparatus, in order to achieve the scanning ex- 
posure at a high throughput while efficiently maintaining 
the wide field without bring about any large size and any 
complexity of the projection optical system PL, it is pref- 
erable to satisfy a relationship of 0.05 < Ls/L1 < 0.7 pro- 
vided that Ls represents the length in the transverse di- 
rection of the slit-shaped illumination area formed on the 
mask M (or the slit-shaped exposure area formed on the 
wafer W), and L1 represents the length in the longitudi- 
nal direction of the illumination area. In the scanning 
type exposure apparatus illustrated in each of the em- 
bodiments described above, for example, Ls/L1 =1/3 is 
given. 

[0179] When the exposure apparatus according to 
each of the embodiments described above is used, it is 
possible to produce microdevices (for example, semi- 
conductor elements, image pickup elements, liquid 
crystal display elements, and thin film magnetic heads) 
by illuminating the mask (reticle) with the illumination op- 
tical apparatus (illuminating step), and exposing a pho- 
tosensitive substrate with a transfer pattern formed on 
the mask with the projection optical system (exposing 
step). Explanation will be made below with reference to 



a flow chart shown in Fig. 8 for an example of the tech- 
nique adopted when the semiconductor device is ob- 
tained as the microdevice by forming a predetermined 
circuit pattern on the wafer or the like as the photosen- 

5 sitive substrate by using the exposure apparatus illus- 
trated in each of the embodiments described above. 
[0180] At first, in step 301 in Fig. 8, a metal film is va- 
por-deposited on one lot of wafers. In the next step 302, 
a photoresist is applied onto the metal film of one lot of 

10 wafers. After that, in step 303, respective shot areas on 
one lot of wafers arc successively subjected to exposure 
and transfer with an image of a pattern on the mask via 
the projection optical system by using the exposure ap- 
paratus of each of the embodiments described above. 

15 After that, in step 304, the photoresist on one lot of wa- 
fers is developed, and then etching is performed by us- 
ing the resist pattern as the mask on one lot of wafers 
in step 305. Thus, a circuit pattern corresponding to the 
pattern on the mask is formed on the respective shot 

20 areas on the respective wafers. After that, for example, 
a circuit patterh is formed for further upper layers. Thus, 
a device such as a semiconductor element is produced. 
According to the method for producing the semiconduc- 
tor device described above, the semiconductor device 

25 having the extremely fine and minute circuit pattern can 
be obtained with a good throughput. 
[0181] When the exposure apparatus according to 
each of the embodiments described above is used, a 
liquid crystal display element as a microdevice can be 

30 also obtained by forming a predetermined pattern (for 
example, a circuit pattern or an electrode pattern) on a 
plate (glass substrate). An exemplary technique for 
such a procedure will be explained below with reference 
to a flow chart shown in Fig. 9. In a pattern-forming step 

35 401 shown in Fig. 9, a so-called lithography step is ex- 
ecuted, in which a photosensitive substrate (for exam- 
ple, a glass substrate applied with photoresist) is sub- 
jected to transfer and expos u re with a pattern on a mas k 
by using the exposure apparatus according to each of 

40 the embodiments described above. A predetermined 
pattern including a large number of electrodes and other 
components is formed on the photosensitive substrate 
in accordance with the photolithography step. After that, 
the exposed substrate is subjected to respective steps 

45 including, for example, a development step, an etching 
step, and reticle-peeling off step. Accordingly the pre- 
determined pattern is formed on the substrate, and the 
procedure proceeds to the next color filter-forming step 
402. 

50 [0182] Subsequently, in the color filter-forming step 
402, a color filter is formed, in which a large number of 
sets of three dots corresponding to R (Red), G (Green), 
and B (Blue) are arranged in a matrix form, or a plurality 
of sets of filters of three stripes of R, G, and B are ar- 

55 ranged in the horizontal scanning line direction. After the 
color filter-forming step 402, a cell-assembling step 403 
is executed. In the cell-assembling step 403, a liquid 
crystal panel (liquid crystal cell) is assembled by using, 
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for example, the substrate having the predetermined 
pattern obtained in the pattern-forming step 401 and the 
color filter obtained in the color filter-forming step 402. 
In the cell-assembling step 403. for example, a liquid 
crystal is injected into the space between the substrate 
having the predetermined patLern obtained in the pal- 
tern-forming step 401 and Lhe color filler obtained in the 
color filter-forming step 402 to produce a liquid crystal 
panel (liquid crystal cell). 

[0183] After that, in a module-assembling step 404, 
respective parts including, for example, a backlight and 
an electric circuit for effecting the display action on the 
assembled liquid crystal panel (liquid crystal cell) are at- 
tached to complete the liquid crystal display element. 
According to the method for producing the liquid crystal 
display element, it is possible to obtain, with a good 
throughput, the liquid crystal display element having the 
extremely fine and minute circuit pattern. 
[0184] In each of the embodiments described above, 
the four-spot or annular secondary light source is illus- 
tratively formed for the modified illumination. However, 
it is also possible to form a so-called multi-spot or mul- 
tiple-spot secondary light source including, for example, 
a two-spot secondary light source composed of two sur- 
face light sources eccentric with respect to the optical 
axis and an eight-spot secondary light source com- 
posed of eight surface light sources eccentric with re- 
spect to the optical axis. 

[0185] In each of the embodiments described above, 
the present invention has been explained as exemplified 
by the projection exposure apparatus provided with the 
illumination optical apparatus. However, it is clear that 
the present invention is applicable to a general illumina- 
tion optical apparatus for illuminating an illumination ob- 
jective plane other than Lhe mask. 
[0186] As explained above, the illumination optical 
apparatus according to each embodiment is provided 
with the aspect ratio-changing element for changing the 
aspect ratio of the incoming light beam in order to 
change the angle of incidence of the incoming light 
beam in the predetermined direction into the optical in- 
tegrator. Therefore, the entire size of the secondary light 
source can be changed in the predetermined direction 
owing to the function of the aspect ratio-changing ele- 
ment. Consequently, it is possible to realize the mutually 
different illumination conditions in the orthogonal two di- 
rections on the illumination objective plane. 
[0187] Therefore, the exposure apparatus, which is 
incorporated with the illumination optical apparatus ac- 
cording to each embodiment, is capable of setting the 
optimum illumination conditions in the orthogonal two di- 
rections on the mask in which the pattern has orienta- 
tion. It is possible to produce the good microdevice un- 
der the satisfactory illumination condition. Further, ac- 
cording to the present invention, the pattern on the mask 
can be correctly transferred under the suitable illumina- 
tion condition. Simultaneously, for example, it is possi- 
ble to realize the exposure method and the exposure 



apparatus which make it possible to highly accurately 
confirm the optical performance of the projection optical 
system when the pattern on the mask is correctly trans- 
ferred. Further, it is possible to produce the good micro- 
5 device. 



Claims 

10 1. An illumination optical apparatus for illuminating an 
illumination objective plane with a light beam from 
a light source, comprising: 

an optical integrator (6 : 8, 8a) which is arranged 
15 in an optical path between the light source (1) 

and the illumination objective plane and forms 
a multiple light source on the basis of the light 
beam from the light source; and 
an aspect ratio-changing element (10. 15, 16) 
20 which is arranged in an optical path between 

the ifght source and the optical integrator and 
changes an aspect ratio of an incoming light 
beam in order to change an angle of incidence 
of the incoming light beam in a predetermined 
25 direction into the optical integrator. 

2. The illumination optical apparatus according to 
claim 1 , wherein: 

30 the optical integrator includes a first optical in- 

tegrator (6) which is arranged in an optical path 
between the light source and the illumination 
objective plane and forms a first multiple light 
source on the basis of the light beam from the 

35 light source, and a second optica! integrator (8) 

which is arranged in an optical path between 
the first optical integrator and the illumination 
objective plane and forms a second multiple 
light source having light sources of a number 

-to larger than that of the first multiple light source 

on the basis of a light beam from the first mul- 
tiple light source; and 

the illumination optical apparatus further com- 
prises a magnification-varying optical system 
45 (7) which is arranged in an optical path between 

the first optical integrator (6) and the second 
optical integrator (8) and which similarly chang- 
es an entire size of the second multiple light 
source. 

50 

3. The illumination optical apparatus according to 
claim 2, wherein the aspect ratio-changing element 
is constructed to be rotatable about a center of an 
optical axis of the aspect ratio-changing element. 

55 

4. The illumination optical apparatus according to 
claim 2, wherein the aspect ratio-changing element 
includes a first aspect ratio-changing element (1 0, 
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16) which is arranged in the optical path between 
the fight source and the first optical integrator and 
changes an angle of incidence of the incoming light 
beam into the first optical integrator in a first direc- 
tion, and a second aspect ratio-changing element s 
(15) which is arranged in the oplical path between 
the light source and the first oplical integrator and 
changes an angle of incidence of the incoming light 
beam into the first optical integrator in a second di- 
rection perpendicular to the first direction. 10 

Tho illumination optical apparatus according to 
claim 2, wherein the aspect ratio-changing element 
includes a first prism (10a, 15a, 16a) which has a 
refractive surface having a concave cross section 15 
in the predetermined direction, a second prism 
(10b, 15b, 16b) which has a refractive surface hav- 
ing a convex cross section formed complementarily 
with the refractive surface having the concave cross 
section of the first prism, and a driving unit (25, 28c) 20 
which is connected to at least one of the first prism 
and the second prism and moves at least one of the 
first prism and the second prism along an optical 
axis. 

25 

The illumination optical apparatus according to 
claim 5, wherein the concave cross section of the 
first prism has a V-shaped configuration. 

An exposure apparatus for transforming a pattern so 
on a mask onto a workpiece comprising: 

the illumination optical apparatus according to 
claim 1, which illuminates the mask (M) ar- 
ranged at the illumination objective plane; and 35 
a projection optical system (PL) which is ar- 
ranged in an optical path between the mask and 
the workpiece and projects an image of the pat- 
tern onto the workpiece. 

40 

A method for producing a microdevice, comprising 
an exposing step of exposing the workpiece with the 
pattern on the mask with the exposure apparatus 
as defined in claim 7, and a developing step of de- 
veloping the workpiece (W) exposed in the expos- 45 
ing step. 

The illumination optical apparatus according to 
claim 1 , further comprising a guiding optical system 
(9, 17, 18) which is arranged in an optical path be- 50 
tween the optical integrator and the illumination ob- 
jective plane and guides the light beam from the op- 
tical integrator to the illumination objective plane, 
and a light beam-converting element (4, 4a, 11a, 
11b, 11c) which is arranged in the optical path be- 55 
tween the light source and the optical integrator and 
converts the light beam from the light source into a 
light beam having a predetermined cross-sectional 



configuration or a light beam having a predeter- 
mined light intensity distribution. 

10. The illumination optical apparatus according to 
claim 9, wherein the aspect ratio-changing element 
(10, 15, 16) is constructed to be rotatable about a 
center of an oplical axis of the aspect ratio-changing 
element. 

11. The illumination optical apparatus according to 
claim 9, wherein the aspect ratio-changing clement 
includes a first aspect ratio-changing element (1 0, 
16) which is arranged in the optical path between 
the light source and the optical integrator and 
changes an angle of incidence of the incoming light 
beam into the optical integrator in a first direction, 
and a second aspect ratio-changing element (16) 
which is arranged in the optical path between the 
light source and the optical .integrator and changes 
an angle of incidence of the incoming light beam 
into the optical integrator in a second direction 
traverse to the first direction. 

12. The illumination optical apparatus according to 
claim 9, wherein the aspect ratio-changing element 
includes a first prism (10a, 15a, 16a) which has a 
refractive surface having a concave cross section 
in the predetermined direction, a second prism 
(10b, 15b, 16b) which has a refractive surface hav- 
ing a convex cross section formed complementarily 
with the refractive surface having the concave cross 
section of the first prism, and a driving unit (25, 28c) 
which is connected to at least one of the first prism 
and the second prism and moves at least one of the 
firsl prism and the second prism along an oplical 
axis. 

13. The illumination optical apparatus according to 
claim 12, wherein the concave cross section of the 
first prism has a V-shapod configuration. 

14. An illumination optical apparatus comprising: 

an illumination optical system which illuminates 
an illumination objective; and 
a varying mechanism (7, 14, 15, 16) which is 
attached to the illumination optical system and 
varies at least one of a size and a shape of an 
illumination light beam on a pupil of the illumi- 
nation optical system, wherein: 

the varying mechanism includes a first dis- 
placement unit (15) which is arranged in an 
illumination optical path and displaces the 
illumination light beam symmetrically with 
respect to an optical axis of the illumination 
optical system in a first direction perpen- 
dicular to the optical axis. 
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15. The illumination optical apparatus according to 
claim 1 4. wherein the varying mechanism further in- 
cludes a second displacement unit (16) which is ar- 
ranged in the illumination optical path and displaces 
the illumination light beam symmetrically with re- 
specL to the oplical axis in a second direction which 
is perpendicular lo the optical axis and which inter- 
sects the first direction, and a magnification-varying 
optical system (7) which is arranged in the illumina- 
tion optical path and varies the size of the illumina- 
tion light beam. 

16. The illumination optical apparatus according to 
claim 1 5 : wherein the illumination optical system in- 
cludes a light shape converter (4 ; 4a ; 1 1 a ; 11b. 11c) 
which is arranged in the illumination optical path 
and converts the shape of the illumination light 
beam into a desired light beam shape and which 
guides the illumination light beam converted to have 
the desired light beam shape to the varying mech- 
anism. 

17. The illumination optical apparatus according to 
claim 1 6, wherein the light shape converter includes 
a first diffractive optical member (4 ; 11a) which is 
capable of inserting the illumination optical path and 
converts the shape of the illumination light beam in- 
to a first light beam shape, and a second diffractive 
optical member (4a. 11b, 11c) which is provided ex- 
changeably with the first diffractive optical member 
and which converts the shape of the illumination 
light beam into a second light beam shape. 

18. The illumination optical apparatus according to 
claim 15, wherein the illumination oplical system in- 
cludes an optical integrator (8a) which is arranged 
in an optical path between the varying mechanism 
and the illumination objective and which uniformly 
illuminates the illumination objective. 

19. The illumination optical apparatus according to 
claim 18, wherein the optical integrator is a micro 
fly's eye or a rod type integrator (70). 

20. An exposure apparatus for transforming a pattern 
on a mask onto a workpiece comprising: 

the illumination optical apparatus according to 
claim 14 : which illuminates the mask arranged 
at the illumination objective plane; and 
a projection optical system (PL) which is ar- 
ranged in an optical path between the mask (M) 
and the workpiece (W) and projects an image 
of the pattern onto the workpiece. 

21. A method for producing a microdevice, comprising 
an exposing step of exposing the workpiece (W) 
with the pattern on the mask (M) with the exposure 



apparatus as defined in claim 20. and a developing 
step of developing the workpiece (W) exposed in 
the exposing step. 

5 22. The illumination optical apparatus according to 
claim 1 4 ; wherein the varying mechanism further in- 
cludes an annular ratio-varying unit (14) which is ar- 
ranged in the illumination optical path and converts 
the illumination light beam into one having an an- 

10 nular configuration with a desired annular ratio. 

23. The illumination optical apparatus according to 
claim 22 ; wherein the varying mechanism (7 : 14 s 15. 
1 6) includes a magnification-varying optical system 

15 (7) which is arranged in the illumination optical path 

and varies the size of the illumination light beam. 

24. The illumination optical apparatus according to 
claim 22 ; wherein the varying mechanism (7. 14 ? 

20 1 5.1 6) further includes a second displacement unit 
(16) which is arranged in the illumination optical 
path and displaces the illumination light beam sym- 
metrically with respect to the optical axis in a second 
direction which is perpendicular to the optical axis 

25 and which intersects the first direction. 

25. The illumination optical apparatus according to 
claim 22, wherein the illumination optical system in- 
cludes a light shape converter (4 : 4a s 1 1 a. 1 1 b : 1 1 c) 

30 which is arranged in the illumination optical path 
and converts the shape of the illumination light 
beam into a desired light beam shape and which 
guides the illumination light beam converted to have 
the desired light beam shape to the varying mech- 

35 anism. 

26. The illumination optical apparatus according to 
claim 25, wherein the light shape converter (4, 4a, 
11a, 11b, 11c) includes a first diffractive optical 

40 member (4, 11a) which is capable of inserting the 

illumination optical path and converts the shape of 
the illumination light beam into a first light beam 
shape, and a second diffractive optical member (4, 
11b, 11c) which is provided exchangeably with the 

45 first diffractive optical element and which converts 

the shape of the illumination light beam into a sec- 
ond light beam shape. 

27. The illumination optical apparatus according to 
50 claim 22, wherein the illumination optical system in- 
cludes an optical integrator (8a) which is arranged 
in an optical path between the varying mechanism 
and the illumination objective and which uniformly 
illuminates the illumination objective. 

55 

28. The illumination optical apparatus according to 
claim 22 f wherein the annular ratio-varying unit is a 
conical axicon (14). 
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29. An exposure method for exposing a workpiece (W) 
with a pattern on a mask (M), comprising: 

an illuminating step of illuminating the mask via 
an illumination optical system with an optical 
axis; and 

a projecting step of projecting an image of the 
pattern on the mask (M) onto the workpiece 
(W) ; wherein: 

the illuminating step comprises displacing 
an illumination light beam symmetrically 
with respect to an optical axis of the illumi- 
nation optical system in a first direction per- 
pendicular to the optical axis on a pupil of 
the illumination optical system. 

30. The exposure method according to claim 29, where- 
in the illuminating step further comprises converting 
the illumination light beam into one having an an- 
nular configuration on the pupil of the illumination 
optical system (PL), and displacing the illumination 
light beam symmetrically with respect to the optical 
axis in a second direction which is perpendicular to 
the optical axis and which intersects the first direc- 
tion. 

31 . The exposure method according to claim 30, where- 
in the illuminating step further comprises changing 
a size of the illumination light beam. 

32. The exposure method according to claim 30, where- 
in the illuminating step further comprises converting 
a shape of the illumination light beam into a desired 
light beam shape before convening the illumination 
light beam into one having the annular configura- 
tion. 

33. The exposure method according to claim 29, where- 
in the illuminating step further comprises displacing 
the illumination light beam symmetrically with re- 
spect to the optical axis in a second direction which 
is perpendicular to the optical axis and which inter- 
sects the first direction, and changing a size of the 
illumination light beam. 

34. The exposure method according to claim 33, where- 
in the illuminating step further comprises converting 
a shape of the illumination light beam into a desired 
light beam shape before displacing the illumination 
light beam. 

35. The exposure method according to claim 29, where- 
in the illuminating step further comprises converting 
the illumination light beam into one having an an- 
nular configuration on the pupil of the illumination 
optical system, and converting an annular ratio of 
the converted annular illumination into a desired an- 



nular ratio. 

36. The exposure method according to claim 35, where- 
in the illumination step further comprises changing 

5 a size of the illumination light beam. 

37. The exposure method according lo claim 35, where- 
in the illuminating step further comprises a second 
displacing step of displacing the illumination light 

10 beam symmetrically with respect to the optical axis 

in a second direction which is perpendicular to the 
optical axis and which intersects the first direction. 

38. The exposure method according to claim 35, where- 
15 in the illuminating step furthercomprises converting 

a shape of the illumination light beam into a desired 
light beam shape before converting the illumination 
light beam into one having the annular configura- 
tion. 

20 

39. The exposure method according to claim 38, where- 
in the light shape-converting step includes convert- 
ing the shape of the illumination light beam into a 
first light beam shape by using a first diffractive op- 

25 tical member (4, 11a), and converting the shape of 
the illumination light beam into a second light beam 
shape by using a second diffractive optical member 
(4a, 11b, 11c) which is provided exchangeably with 
the first diffractive optical member. 

30 

40. The exposure method according to claim 35, where- 
in the illuminating step comprises uniformly illumi- 
nating the illumination objective by using an optical 
integrator(8a). 

35 

41 . The exposure method according to claim 29, where- 
in: 

the illuminating step furthercomprises a chang- 
40 jng step of changing an illumination condition 

for the mask; 

the changing step comprises a selecting step 
of selecting at least one of a first setting step of 
setting a first illumination condition for the illu- 
^5 mination optical system, and a second setting 

step of setting a second illumination condition 
for the illumination optical system; 
the first setting step comprises a step of con- 
verting the illumination light beam into one hav- 
50 jng an annular configuration on the pupil of the 

illumination optical system, a step of displacing 
the illumination light beam symmetrically with 
respect to the optical axis in the first direction 
which is perpendicular to the optical axis of the 
55 illumination optical system, and a step of dis- 

placing the illumination light beam symmetrical- 
ly with respect to the optical axis in a second 
direction which is perpendicular to the optical 
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axis and which intersects the first direction: and 
the second setting step comprises a step of dis- 
placing the illumination light beam symmetrical- 
ly with respect to the optical axis in the first di- 
rection which is perpendicular to the optical ax- 5 
is of the illumination optical system, a step of 
displacing the illumination light beam symmet- 
rically with respect to the optical axis in the sec- 
ond direction which is perpendicular to the op- 
tical axis and which intersects the first direction. 10 
and a step of changing a size of the illumination 
light beam. 

42. The exposure method according to claim 29. where- 
in: 15 

. the illuminating step further comprises a chang- 
ing step of changing an illumination condition 
for the mask; 

the changing step comprises a selecting step 20 
of selecting at least one of a first setting step of 
setting a first illumination condition for the illu- 
mination optical system, and a second setting 
step of setting a second illumination condition 
for the illumination optical system; 25 
the first setting step comprises a step of con- 
verting the illumination light beam into one hav- 
ing an annular configuration having a desired 
annular ratio on the pupil of the illumination op- 
tical system, and a step of changing a size of 30 
the illumination light beam; and 
the second setting step comprises a step of dis- 
placing the illumination light beam symmetrical- 
ly with respect to the optical axis of the illumi- 
nation optical system in a predetermined direc- 35 
tion which is perpendicular to the optical axis, 
and a step of changing the size of the illumina- 
tion light beam. 

43. The exposure method according to claim 29, where- 
in: 

the illuminating step further comprises a chang- 
ing step of changing an illumination condition 
for the mask; 
the changing step comprises a selecting step 
of selecting at least one of a first setting step of 
setting a first illumination condition for the illu- 
mination optical system, a second setting step 
of setting a second illumination condition for the 50 
illumination optical system, and a third setting 
step of setting a third illumination condition for 
the illumination optical system; 
the first setting step comprises an annular ratio- 
varying step of converting the illumination light 55 
beam into one having an annular configuration 
having a desired annular ratio on the pupil of 
the illumination optical system, a step of dis- 
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placingthe illumination light beam symmetrical- 
ly with respect to the optical axis of the illumi- 
nation optical system in the first direction which 
is perpendicular to the optical axis ; and a step 
of displacing the illumination light beam sym- 
metrically wilh respect to the optical axis in a 
second direction which is perpendicular to Ihe 
optical axis and which intersects the first direc- 
tion; 

the second setting step comprises a step of 
converting the illumination light beam into one 
having an annular configuration having a de- 
sired annular ratio, and a step of changing a 
size of the illumination light beam: and 
the third setting step comprises a step of dis- 
placing the illumination light beam symmetrical- 
ly with respect to the optical axis of the illumi- 
nation optical system in the first direction which 
is perpendicularto the.optical axis, a step of dis- 
placing the illumination light beam symmetrical- 
ly with respect to the optical axis in the second 
direction which is perpendicular to the optical 
axis and which intersects the first direction , and 
a step of changing the size of the illumination 
light beam. 

44. An exposure method for exposing a workpiece (W) 
with a pattern on a mask (M) comprising: 

an illuminating step of illuminating the mask via 
an illumination optical system; 
a projecting step of projecting an image of the 
pattern on the mask onto the workpiece by us- 
ing a projection optical system (PL); and 
a measuring step of measuring an optical char- 
acteristic of the projection optical system, 
wherein the illuminating step comprises: 

an exposure condition-setting step of set- 
ting a o value as an illumination condition 
to be within a range of 0.4 < o < 0.95 when 
the projecting step is executed; and 
a measuring condition-setting step of set- 
ting the a value as the illumination condi- 
tion to be within a range of 0.01 < a < 0.3 
when the measuring step is executed. 

45. The exposure method according to claim 44, further 
comprising: 

a scanning step of moving the mask and the 
workpiece in a scanning direction when the pro- 
jecting step is executed, wherein: 

the illuminating step comprises a step of 
forming a rectangular illumination area 
having a length Ls of a longitudinal direc- 
tion and a length L1 of a transverse direc- 
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tion on the mask; and 
a relationship of 0.05 < Ls/L1 < 0.7 is sat- 
isfied. 

46. An exposure apparatus for exposing a workpiece s 
(W) with a pattern on a mask (M), comprising: 

an illumination optical system which is ar- 
ranged in an optical path upstream of the mask 
and illuminates the mask; and 10 
a projection optical system (PL) which is ar- 
ranged in an optical path between the mask and 
workpiece and projects an image of the pattern 
on the mask onto the workpiece, wherein: 
the illumination optical system includes an illu- 15 
mination condition-setting mechanism (4a, 4b, 
5 f 7, 10, 11a-11c, 12, 14-16, 71, 71a) which is 
attached to the illumination optical system and 
sets a a value as an illumination condition to be 
within a range of 0.4 < a < 0.95 when the work- 20 
piece is exposed with the pattern on the mask 
and which sets the a value as the illumination 
condition to be within a range of 0.01 < a < 0.3 
when an optical characteristic of the projection 
optical system is measured. 25 

47. The exposure apparatus according to claim 46, fur- 
ther comprising a scanning unit which moves the 
mask and the workpiece in a scanning direction 
when the workpiece is exposed with the pattern on 30 
the mask, wherein: 

a relationship of 0.05 < Ls/L1 < 0.7 is satisfied 
provided that Ls represents a length in a trans- 
verse direction of an illumination area formed 35 
on the mask by the illumination optical system, 
and L1 represents a length in a longitudinal di- 
rection of the illumination area formed on the 
mask by the illumination optical system. 
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Prior Art: EP1014196A discloses an exposure apparatus and 
method with an illumination beam having variable size and 
shape. 

The special technical feature (of suitably amended claims): 
the independent adjustment of the illumination beam in 
height and width. 

| The problem solved by this special technical feature: 

! optimisation of the illumination mode*, for horizontal and 

I vertical mask features. 

i 

I 2. claims: 44-47 

Prior Art: the generally known measurement of optical 
characteristics of a projection optical system. 

The special technical feature: the reduction of the sigma 
value in the aberration measurement step with respect to the 
exposure step. 

The problem solved by this special technical feature: 
enabling the measurement of particular aberrations of the 
projection optical system. 
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